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SYMBOLS MERKKIEN SELITYS  
r = correlation coefficient korrelaatiokerroin 
R  2  = coefficient of determination selitysaste  
y = mean keskiarvo  
x = mean keskiarvo  
s = standard deviation keskihajonta  
F = F-value mallin F-arvo 
DF  = degrees of  freedom vapausasteita 
t = t-value t-arvo  
M
e
 = median mediaani 
Mo = moode moodi 
N = number of observations lukumäärä 
xi = forest site  type metsätyyppi  
X 2  = age  of the stem, years rungon  ikä,  a 
x 3  = basal  area of  the stand, m 2 metsikön pohja  
pinta-ala, m  
x( = thickest  branch of the  butt log,  mm tyvi  
tukin  paksuin oksa,  mm 
x 5 = crown class latvuskerros 
Xs = height of the tree,  dm puun  pituus, dm 
X; = breast  height diameter, mm rinnankorkeus  
läpimitta,  mm  
xt = taper  di,3 ds, mm kapeneminen dus  
dt
,
 mm 
x, = lowest  limit of the  stem with knot  bumps,  
dm kyhmyisen  rungonosan  alaraja,  dm 
Xio = lowest limit of the stem with dry branches, 
dm kuivia  oksia  käsittävän  rungonosan  ala  
raja,  dm 
xii = crown limit,  dm latvusraja,  dm 
Xl 2  = diameter  of  the thickest  dry branch, mm  
rungon  paksuimman  kuivan oksan läpimitta,  
mm 
Xu = height of  the thickest  dry  branch,  dm pak  
suimman  kuivan  oksan  korkeus,  dm 
XM = diameter of the longest living branch, mm  
rungon  pisimmän elävän oksan  läpimitta,  mm 
xis =  height of the longest living branch, dm 
pisimmän elävän oksan  korkeus,  dm 
xis = knottiness class  of the butt log tyvitukin  
oksaisuuslaatuluokka 
Xu = real quality class of the butt log tyvitukin  
todellinen laatuluokka 
xu = top diameter of the log,  cm tukin  latva  
läpimitta,  cm 
X]  9  = length of the longest living branch,  cm  
pisimmän elävän oksan pituus, cm  
X2O  = height of the first complete whorl, dm 
1. täyden oksakiehkuran korkeus,  dm 
x 2i = mean diameter of branches,  mm oksien 
keskipaksuus,  mm  
X  22 = number of  annual rings/75 mm  from the pith  
lustoja/  75  mm  ytimestä,  kpl  
X  23 = basic  density at  75  mm distance from the  
pith,  kg/cu.m. kuiva-tuoretiheys  75 mm  
matkalla ytimestä,  kg/ m
1 
X  24 = basic  density in  exterior  parts  of the stem,  
kg/cu.m. kuiva-tuoretiheys  puun  pinta  
osissa,  kg/m
3
 
X  25 = width of  annual rings  at 75  mm  distance from  
the pith,  mm lustojen leveys  175 mm  yti  
mestä, mm  
X  26 = width of annual  rings  in exterior parts of the 
stem, mm luston leveys  puun pintaosissa,  
mm 
x  27 = latewood percentage at  75  mm distance from 
the pith kesäpuuprosentti/  75  mm yti  
mestä 
X2l = latewood percentage  in  exterior  parts  of  the  
stem kesäpuuprosentti puun pintaosissa  
x» = crown ratio,  % latvussuhde, % 
XJO = volume of the log,  dm
3 tukin  tilavuus,  dm
3 
X3l = sweep,  mm lenkous,  mm 
X 32 = length of  the part  of the stem with knott  
bumps, dm rungon  kyhmyisen  alueen pi  
tuus, dm 
x  33  = length of  the part  of the stem  with dry 
branches,  dm rungon  kuivaoksaisen  alueen 
pituus,  dm 
X  34 = length of the log,  dm tukin  pituus,  dm 
X 35 = u/s-percentage u/s-prosentti  
x36  = CT dummy variable CT-valemuuttuja 
X  37 = VT dummy variable VT-valemuuttuja  
x3B = MT dummy variable MT-valemuuttuja 
X 39 = OMT dummy variable O  MT-valemuuttuja  
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PREFACE  
The study  was  first  published  in 1981 as  
No 27 in the  Metsäntutkimuslaitoksen  Tie  
donantoja  (Research  Notes of the  Finnish  
Forest  Research  Institute).  Due to  the  time  
liness of  the study,  its considerable forest  
economical significance,  and  its narrow  di  
stribution it was  decided to republish  it in 
the  present  form. In  the  main,  it  is  the same 
as  the original  study.  A few changes  and ad  
ditional analyses  have been made. 
The author wishes to thank all or  
ganizations  and private  persons  who assisted  
in  the various  phases  of  the work. 
Helsinki  15. 1. 1985 
Olli Uus  vaara 
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1. INTRODUCTION 
The importance  of  artificially  regenerated  
pine  stands  -as a source of  raw  material  is  still  
small  despite  the comparatively  large area  
they  cover.  Artificial  regeneration  was  started 
on a large scale in the beginning  of the 
1950'5,  but  the number of regeneration  areas  
did not increase substantially  until  the  next 
decade (Uusitalo  1979). The  share  of  pine 
in the regeneration  areas  is  now over  1 mil  
lion  hectares,  or  some 5  per  cent  of the forest  
land area, but  owing  to  the young age of  the 
pine stands they  do not  yet produce  much 
saw timber.  
During  the last few decades,  the aim in 
forestry  has been to increase timber pro  
duction and to  attain quantitative  goals  (Vuo  
kila  1972).  No  information concerning  the 
quality  of  man-made forests  has,  however,  
been  available.  These questions first  received 
attention at the end of  the  1960'5, when the 
Finnish Forest Research  Institute started 
studies on the quality  of  planted  pine  stands  
and  on the traits by  which to examine the 
quality  (Uusvaara  1974).  
Knowledge  about the  differences between 
qualities  of  planted  and natural stands had,  
to some  extent,  been attained earlier  when 
studying  the basic  density  of the timber  in 
planted  spruce stands and when comparing  
that to the density  of natural stands (Hak  
kila  and  Uusvaara 1968). Attention was,  
however,  now focused on pine,  whose qua  
lity is  most  prone to external  influence,  and 
whose good  and  poor qualities  have the lar  
gest differences in value (Heiskanen  1965).  
The results  of  the  study  showed clearly  that 
the quality  of  pine is  heavily  dependent  on 
changes  in external  growth  factors,  especially  
in the early  stage of  the stock,  in addition to 
natural aging.  Because of  this,  textbooks and  
studies  on  the growing  of  pine  earlier  empha  
sized the effect  of  stand density  on quality  
until  that stage  of development,  when the  
branches on the  length of the  butt  log  have 
died (Kalela  1945,  Heiskanen 1954  b,  1962,  
Sarvas 1956). 
Although there are  not  any studies  proper 
on the  quality  differences of planted  and 
natural pine stands,  it became clear  from 
various  sources  that artificially  and naturally  
established stands  have, at  the beginning  of  
their development,  differences that bring 
about changes  in the external  and internal 
qualities  of the stem (Laitakari  1937,  Hei  
kinheimo 1953). As  late as  in the 1930'5,  
the  number of  cultivation  spots  per  hectare 
was  5  000 to 6  000, and pine  was  mostly  re  
generated  by sowing  (Kalela  1945). The 
most common regeneration  method for pine 
today  is  planting  (Uusitalo  1979),  and the 
standard  planting  density  today  is  1 600 to 
2  500 seedlings  per  hectare,  depending  on  the 
site (Takala  1978,  Ohjekirje  .  ..  1978,  Kaila 
1979). Recent studies show that the final 
number of  seedlings  in stands  usually  remains 
considerably  lower than the  goal  (Leikola  et 
ai.  1977, Rautiainen and  Räsänen 1980).  Rä  
sänen (1981)  emphasizes  the high  quality  of  
the  seedlings  to  ensure  successful  regeneration  
and a sufficiently  dense,  uniform  seedling  
stand of  high quality.  When talking  about 
the quality  of seedlings,  however,  the  good  
health condition and  fast  growth  capacity  of  
the seedlings  is  usually  refered  to. 
If  the conditions in which the  planted  and  
natural stands  develop  is  compared,  the dif  
ferences are  great  already  from the beginning  
of the  development of  the  stands.  Saw logs,  
which the Finnish  sawmill  industry  uses  as  
its  raw  material  nowadays,  mostly  come from 
forests  established at the  end of  the 1800's. 
These forests  developed  usually as  thickets  
and mixed stands,  often in virgin condition 
and left  uncut.  The activities carried out  in 
them, such  as  woodland burning, selection  
felling  according  to minimum diameter limit,  
tar  burning  and forest  fires have also  left  
their  mark  on the  present pine stands. Wood  
land burning  and forest  fires have additionally  
strengthened  the position  of  pine  as  com  
pared with other tree species  (Vuokila  
1980 b). Because the powerful  sawmill  in  
8 Uusvaara O. 
dustry  showed interest in the large-sized  
stems of the stands,  selection cutting  was  
maintained still  long  into this  century.  
The above-mentioned development  stages 
affected the  quality  of the pine  stands  in 
many  ways,  and in many respects  also  nega  
tively.  The  development from dense natural 
and cultivation  forests  established mostly  by  
means  of  natural seeding  to  open plantation  
forests  has undoubtedly  also  had its  effect  
on the  quality  of  saw-timber.  These effects  
are  not yet  known in the sawmill  industry,  
however,  because the timber coming  from 
the planted  stands  has not  yet  any  significant  
role as raw  material. 
Questions  of  quality  have recently  been 
paid  so  much attention that the past  decade 
can be called the decade of  timber  quality.  
Attention has  also  been  paid to  the quality  
of  saw  logs, because the  value of  the product 
is  highly  dependent on the quality  of  the raw  
material. Studies have been made on the use  
of objectively  measurable factors in the 
classification  of saw logs (Orver 1970  a,  
1970  b).  Also  in Finland,  a  more  precise  qua  
lity  classification  and  payment according  to 
quality  have raised some discussion (Isomäki 
1978,  Kärkkäinen 1978,  Oksanen 1978). By  
means  of  quality  traits, an  attempt has been 
made to  determine the quality  of trees  as  far 
as the value of saw-timber is concerned 
(Dahlen  and Warg  1978,  Kärkkäinen 1980  a,  
1980  b). 
The  effect  of the growing  space  and  growth  
of  the diameter of pine  on the branchiness 
properties,  and the quality  of  saw-timber  and 
pulp  has been analyzed  in Sweden (Persson  
1975,  1976,  1977).  In Finland,  great atten  
tion has been paid  especially  to  the poor qua  
lity of  plantation-grown  pine  stands (Arnkil  
1978, Koivisto 1980,  Uusvaara 1979, 1980 a, 
1981  a, 1981 b).  Thick branches,  which are  
perhaps  the most  serious defect in plantation  
grown pine  stands have once  again  raised 
discussion about the possibilities  of  artificial  
pruning  as  a  quality  raiser (Uusvaara  1980 a,  
1980  b, Vuokila 1979  a, 1980  a, Kärkkäinen 
1981).  According  to several  studies,  in ad  
dition to  branchiness,  the defects  often lower 
the quality  of  the butt  logs of plantation  
grown pines  even beyond  sawn timber 
standards (Uusvaara  1981 a,  1981  b,  1981 c,  
1981  d,  Varmola 1980). 
In the study  by  Uusvaara (1974)  the 
traits, fluctuation and relations of the ex  
ternal and  internal qualities  of plantation  
grown pine  stands were measured. The dif  
ferences in the quality  of  planted  and  natural 
stands  were  also  compared,  but  owing  to  in  
sufficient  information and the difference of  
the  comparable  material,  the results  remained 
incomplete.  The  studies  made represented,  in 
a way,  indirect  quality  studies  by  means  of  
such  characteristics  that have a  compound  ef  
fect  on  the  final  quality  of  the timber.  
When estimating  the  quality  of  saw  logs,  
internal faults create  a problem  because the 
real quality  of  the timber cannot  be  studied 
merely  by  judging  from external  traits. The 
importance  of  the in-grown stubs, for ex  
ample, as a factor affecting  the quality  of  
old stems from good sites, cannot  be 
estimated  only  on the  basis of external  ex  
amination. 
The aim of  this  study  is  to clarify  the  qua  
lity  and value of  the saw-timber  obtainable 
from plantation-grown  and natural stands,  as  
well  as  to  determine which quality  traits of  
the  stem and the timber have the  greatest 
effect  on the value of sawn timber. This is  
done by  determining the  quality directly  on 
the basis  of  the test  sawings  and  the gra  
ding  of the sawn goods.  The quality  will  be 
compared  on the basis  of  both the normal 
export  classification  and stress  grading,  which  
seems to have an  increasing  importance  in  
the use of construction timber (Raveala  
1979).  When making  comparisons,  attention 
is  totally centered upon butt  logs  partly  be  
cause  they  constitute over  a  half of  the value  
of  the stem (Orver  1970 b).  On the  basis of  
butt  logs,  differences in values of stems can  
also  best  be compared.  This is  much more  
difficult  with other logs  (Persson  1976).  
The study  will  be geographically  restricted  
to concern  Southern and Central  Finland,  
where the quality  problems  concerning  re  
generation  of pine are  most pressing.  
The aim is also to study  the  natural 
pruning  of  the  stems,  the development  of  the 
thickness of the branches and factors  affect  
ing  these in plantation-grown  and natural 
pine  stands. Another question  is, whether 
these quality  factors  have any  significant  dif  
ference between stands of different origin.  
Because  the  main goal in the growing of  
a  plantation  is  the production  of  saw  logs and 
because the quality  of sawn goods  depends  
directly  on the quality of the  logs,  attention 
is  also  being  paid  to the quality  of  the  butt  
log  and its dependence  on the  quality  vari  
ables of the  stem, especially  on branchiness 
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and  stem defects.  All  comparisons  will be 
made with stems from pine plantations  and 
stands  of  natural origin.  
The studies will be  limited,  as  concerns  
plantation-grown  pine stands,  to successful,  
pure and  healthy stands,  where the  age and 
size  already  allow  some felling  of  saw logs.  
An attempt  will  be made to  avoid broadcast 
sowing  areas,  because  they  greatly  resemble 
naturally  seeded  areas  with  regards  to  estab  
lishment and structure. The successfulness  of  
the comparison  between different origins  will  
depend  on the successful  choice and com  
parability  of  different research materials.  
This  question  will  be dealt with  more  closely  
in conjunction  with the explanation  of  the 
methods  as  well  as in the chapter  concerning  
the representativity  and examination of  the 
results.  
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2. RESEARCH  METHODS  AND MATERIAL 
21. Research methods 
Regionally the studies were mainly focused on 
Southern and  Central Finland, because in  this way 
it was possible to reduce the  effect  of geographical 
variation  and because  the quality  defects of stands 
seem to be more obvious in  these areas (Table 1). 
The number of old plantation-grown pine stands 
that are already able to yield saw timber and that 
have sufficient data  on origin and  treatment avail  
able are few.  Because most of them are  situated in 
areas  owned by  the Finnish Forest  Research  In  
stitute,  in  demonstration forests  of  Forestry  Colleges, 
or under  the National Board of Forestry,  the  studies  
were carried out  in  these areas. This was necessary  
partly  for practical  reasons. The felling and  scientific 
use of trees  is  easier to carry  out in  State-owned 
areas. 
In several research  areas,  all  or nearly  all  available 
stands were chosen owing to the shortage of 
plantation-grown pine stands. If there were plenty 
of  acceptable spots  they were chosen  by  casting  lots. 
The pine stands had  to at least be able to yield 
saw timber, be  typical  of the location, be  pure  as 
concerns tree species, be  even-aged and as uniform 
as possible  with regards to terrain  and  forest site 
type. The principle was that various  site quality 
classes should be represented in the  same  proportion  
as is  the average  for  pine. Otherwise the criteria and 
the location  of the spots  were the same as in an 
earlier study by  the same author (Uusvaara 1974, 
page 19). 
Stands established by both planting and  sowing 
were included  in  the study,  but the share of the 
former remained  rather  limited, for  sowing was the 
commonest method  of artificial regeneration at  the 
beginning of the  century  (c.f.  page  12). An  attempt 
was made  to avoid  broadcast  sowing. 
From each locality,  natural  pine stands, which 
conformed as closely  as possible  to plantation-grown 
stands as far as age,  stock  and  soil quality  are con  
cerned, were taken as comparison material. The 
choice was not very successful  in every respect,  for  
natural pine stands were mostly  located, as opposed 
to plantation-grown pine stands, on the Vacciniutn 
site type (c.f.  page  12) and were  in  most  localities 
older than plantation-grown stands (page 47).  
The sample plot was located in  the stand  in  the 
following manner. First,  the  largest  dimension  of  the  
plot was divided into  equal sections,  and  one of the  
sections  was chosen by the casting  of  lots.  Next,  the 
sample plot  was situated in the middle of the chosen 
section, but if the  site  did not  fill the specified 
general requirements for a sample plot,  the  plot was 
moved to the adjacent section.  
In order to get  sufficient  material  and still keep 
the amount  of work reasonable, sample plots  were  
taken  from each plantation-grown stand,  including  
a  minimum  of 20  sample trees.  The sample plot  was  
made rectangular by  using  a prism, and  the size  of 
the sample plot  varied depending on the size  and  
density of the  stock. The method of stand establish  
ment and treatment at various  development stages  
as well as forest site  type,  basal area  and  age  were  
determined as precisely  as possible. In natural stands, 
the number of sample trees  was  raised to 60 stems  
owing to the greater variation of age and size  of 
the stock.  The ages  of the trees  were determined by  
taking increment  cores from the butts of ten stems  
which were chosen by the casting of lots. The 
heights of natural stems were measured from every 
fifth stem on the sample plot.  
As for the measurements  concerning the stems, 
branchiness and  defects of standing trees, reference  
is made to an earlier study (Uusvaara 1974, pages  
19 to 21).  As an exception,  it could  be  mentioned 
that the quality of the butt log was measured in  
accordance with the normal classification,  and  
separately with only  branchiness as a  criterium. 
The butts of the felled trees  were cut into  logs,  
and the diameter  under  bark was measured at the 
top  of the  log,  in the middle and  at  the butt of the 
log crosswise,  with  the precision  of one millimetre,  
together with  the  diameter of the heartwood area 
and the  length of the log.  The top diameter of the 
log was measured over bark in  accordance with  the 
measurement standards for  logs. Diameters under 
bark were also measured just below the area with 
knot bumps  and  under the dry branches. The de  
fects  of the log were taken into  account separately 
from the stems and  the sweep  of the log was 
measured for the total length of  the log with a 
commonly used  method (Definitioner 
...
 1980). 
Branchiness  was taken into consideration by 
measuring the thickest  dry branch of the log and  its  
location as well as  the number  and mean diameter 
of the dry branch stubs and  branches that were  
healing over.  
As for stem defects, only crooks,  sweep  and 
vertical branches  were taken  into  account,  because  
the importance of other  defects has earlier proved 
to be  generally minimal  (Uusvaara  1974). The 
location of the defect was studied to establish 
whether the defect was worse at the butt  or in the 
stem. 
Five  stems  from each  sample stand were cut  after 
casting lots.  Contrary  to previous  practice,  the height 
of the first  living branch whorl was measured from 
the butt  of the tree. One meter from  this  whorl, 
the  diameter of the thickest branch  in the closest 
branch  whorl was measured immediately off the  
basal  swelling of the branch (Definitioner 
..
 . 1980, 
page  50).  
The sample logs  were sawn at each different 
11 Commun. Inst. For. Fenn. 130  
Table 1. The investigation material by localities. 
Taulukko 1. Tutkimusaineisto paikkakunnittain,  
l ) Natural stand  = stand born by natural seeding.  
') Luonnonmännikkö = luonnonsiemennyksestä  syntynyt  männikkö 
location with a  portable  circular  saw. In the sawing 
process,  only  the most  common blade settings were  
used;  these settings were determined according to 
the top diameter of each  log, which was measured 
under bark. The side board thickness used was 19  
millimetres. The blade settings  for centre  goods were  
the following: 
The sawn goods were sorted in  accordance with 
the classification standards for exportable sawn 
goods (Vientisahatavaran 
...
 1979) without making  
any  classification between the u/s  qualities 1 to 4.  
In practice,  the price  of the u/s  sawn goods is  only  
slightly  dependent on the internal  distribution within 
the quality class,  nor will the qualities be  sold 
separately.  Schaalboards were separated according to 
exportable qualities  (PL/VL) and domestic qua  
lities (PL/KL), so that the number of quality 
classes was six,  including rejected  timber. 
The centre goods were prepared,  in accordance 
with the chart described above, into  battens or  
planks, depending on the top diameter of the log. 
Battens are  pieces  of sawn goods whose thickness  
is over 38 but under 75 millimetres and  whose 
width is  75  to 175  mm.  Planks are  sawn goods with 
thicknesses  over 38 but under  100  mm, and widths 
exceeding 175 mm. 
The sawn goods were priced according  to the 
wholesale prices  and the pricing standards of ex  
portable sawn goods (Sahatavaran 
...
 1980). When 
calculating  the proportion of the value of sawn 
goods, the unit  price  for the u/s  board was marked 
with the figure  100,  in relation to which the values 
of other  classes  were obtained (Appendix 1).  
In addition to the normal dassification, the 
battens and boards were classified visually into nor  
mal T stress  grades, and in  accordance with the glue 
beam classification (RIL  120, 1978). The grades in  
the visual T classification were T4O, T3O, T 24 and 
TlB, and  in the beam classification LT4O, LT3O, 
LT2O and  LTIO (RIL 120, 1978). 
Each  piece of the sawn goods was  classified both 
in the normal and  in  the T and LT classifications,  
in  addition to the real quality. In further classific  
ations solely  on the grounds of branchiness, differ  
ent production defects and other defects, such as 
wanes,  were not taken into account.  
The reason for the potential fall  from the best  
class  was recorded. Such defects causing a  fall in  
quality can be classified,  for example,  into  defects 
caused  by the sawing technique, deterioration of  the 
woody  material,  or  the form and defects of  the stem. 
Already when choosing the experimental material,  
stems with unsatisfactory  external  factors and  stems  
with decay and blueing were discarded. If,  however, 
defects such  as these did appear  in  the  sawn goods, 
they were not considered when carrying out the 
quality classification. 
The randomly  chosen second centre piece from 
every  second  log was classified  visually,  and  to check 
the visual classification a stress  grading machine 
was  used, which gave  the stress  grade of the sawn 
goods on the basis  of their bending qualities. The 
stress  grades used were the same as in  the visual  
classification. If  there was a total of three centre 
pieces,  one  of the outermost  pieces  was  taken into 
mechanical grading. 
In stress  grading, only  such  pieces,  whose  length 
and thickness  variations  are  relatively small,  can be 
compared with each  other. An attempt was  made 
to keep the length variation  of sawn goods within  
31 to 46 dm; pieces which were too long were 
shortened from the top. One factor which  affects  
the stress  grade more than length is its nominal 
Locality  
Paikkakunta  
Plantations 
Sample  
plots  
Koealoja  
— Viljely  männiköt 
Stems Logs 
Runkoja Tukkeja  
')NaturaI stands — 1 )Luonnonmänniköt  
Sample Stems Logs  
plots  
Koealoja Runkoja Tukkeja  
Tuusula 3 6( 15  3 240  15 
Punkaharju 6 13C  40 6 378 30 
Koli 2 4( 10 2 120 10 
Pieksämäki 1 2( 5 1 40  5 
Ähtäri 5 10C  25  5 299 25 
Kuru 3  6C 15 3 180 15 
Virrat 3  6C 15 3 175 15 
Juupajoki  3  6C 15 2 100 10 
Evo 2 4C 10 2 100 10 
Tammisaari 2 4C 10 2 120 10 
Tenhola 1 2( 5 1 60 5 
Total — Yhteensä 31 63C 165 30 1812 150 
Top diameter of log (mm) Blade setting 
150—165 50 X 100 
165 — 180 50 X 100 
180—195 50 X 125 
195 — 210  50 X 150 
210  — 225  63 X  150 
225  — 240  75  X  150 
240 
—
 255 63 X  175 
255 — 270  75 X 175 
270  — 285 75  X 200  
285 — 300 75 X 225 
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thickness, which in  circular  sawing fluctuated more 
than in the usual  frame sawing. That is  why, in 
conjunction with classification,  the thicknesses of 
each  piece were  measured at  five different points  of 
the length axis.  The stress  grades obtained in the 
mechanical classification and  caused by the de  
viations from the measuring precision  were cor  
rected by  means of coefficients. 
Mechanical classification also requires even low 
moisture conditions. For  this  reason,  the sawn goods 
to be  sorted were dried at  the  sawmills to a  moisture 
content of  20  per  cent. 
A half of the mechanically classified pieces were 
then planed, to remove  differences in  thickness,  to 
a  lower full millimetre thickness,  and  were then 
reclassified. Real thicknesses  of  the  sawn goods were  
thus  46,  60  and 71 mm.  
In conjunction with sorting,  a ten-centimetre-long 
cut was taken from each end  of the pieces  to de  
termine  the basic  density of  the sawn goods. 
The quality  of timber changes  crucially  when 
going outward from the pith  of the tree  to the sap  
wood, and  the conditions that were prevalent during 
the early  years of the tree have an effect on the 
quality  of the developing saw timber  later also  
(Heiskanen 1965). For  this reason,  the cuts  from 
the stumps of the felled trees  were divided into  
two parts, at the radius of 75  mm  from the pith.  
The earlier  class requirements for  logs included the 
condition that the annual ring  of the third class saw 
log  does not exceed  the 3-mm limit, within this  
75-mm distance (Heiskanen 1954 b).  
Samples taken  from both the sawn goods and the 
stumps of  the felled trees  were used at the  labora  
tory to determine the mass of the piece after kiln  
drying  and the volume based on sinking the piece 
into  water. On these  grounds the  basic density was 
calculated. Samples taken  from the  stump  were also 
used  to determine  the width of  the annual ring by  
applying an annual-ring  meter  in different zones and  
the late  wood  percentage  of the sample. 
22.  Research material 
The study was geographically limited to concern  
the old plantation-grown stands growing in the  
southern and  central parts  of Finland (Table 1). The 
material was mostly  composed of  the same areas 
that were measured during the years  1968 and  1969 
(Uusvaara  1974), but the growing stock  was now 
older and larger  in  size.  When the goal was  set to 
such  a point where  at  least some of  the stems  in the 
stand would already be within the required size  to 
yield butt logs,  the youngest stands were approxi  
mately 35 years old. Only those plantation-grown 
stands where the share of natural seedlings  was  
known  to be small and which had a sufficient 
amount of  information on origin  and treatment 
available were accepted as research material. The 
accepted maximum amount of different species  
within a  stand was 10 per  cent  of the stand's cubic 
volume. 
The sample plots  were situated in  each stand  on 
a uniform  area concerning soil and forest site type  
so that the plantation-grown stands had a  very  uni  
form and  even structure.  The natural stands selected  
as comparison material were,  on the contrary,  con  
siderably  more heterogenic as far as the structure  of 
the stand was concerned because of the method of 
establishment and development differences. 
The total number of sample stands was  61  in 11 
different localities;  31 were plantation-grown and 
30 naturally regenerated stands. The majority  of the 
areas (40 stands) were situated in  the forests  of the  
National Board of Forestry  or Forestry  Colleges and 
the remaining 21 in  forests of the Finnish Forest 
Research  Institute. 26 per  cent of the plantation  
grown  stands  had  been  established  by planting  and 
74  per  cent  by sowing, which was  the commonest 
method of regeneration at  the beginning of the  cen  
tury. Earlier  the prevelent method  of sowing was 
patch sowing,  the  patches being situated  more  den  
sely then than today, often 1.5 by 1.5 metres  or 
1.8 by 1.8 metres.  16 per  cent  of the sowing was 
broadcast  sowing. Also about a half of  the plan  
tations were established with smaller distances be  
tween the seedlings.  
Stands that had  silviculturally  been treated re  
gularly  were generally  chosen as sample stands. It 
was possible to  document both the establishment 
data and the methods and times of treatment in 
different stages of development of  the plantation  
grown  stands, almost without exception, on the 
basis  of notes or remembered knowledge. Little in  
formation was  found on the establishment and  treat  
ment of the natural stands, especially  regarding the 
beginning of the  development. As  for  the density  
and  size  of the stand  both  plantation-grown and 
natural stands were very  easily  comparable, for the 
basal  areas of both, for example, were on  the 
average  almost equal. Natural stands were,  however, 
somewhat larger in  size  and possibly  more heavily 
thinned than the plantations, which is clarified by  
the following figures. The number of stems per  
hectare in natural stands is also attributable to the 
fact  that the sample plots  were mainly situated in  
the Vaccinium-type  forests.  
The stands were divided, by  forest site  types, 
according  to the size  of the sample plots  in the 
following  way:  
Almost a  half of  the plantation-grown stands were  
situated in areas  which were more fertile than nor  
mal pine  sites,  which partly describes  the trend  in 
the regeneration of  pine at  the beginning of  artificial 
regeneration. Naturally regenerated stands, on the 
other hand, usually  locate on Vaccinium types of 
soil  or on more  barren sites, because of their phy  
siological  requirements. 
A total of 630  standing sample trees were  
measured in  plantation-grown stands and 1810  in 
natural pine stands,  a  total of 2440 stems.  Of  these, 
le pi lot, sq.m >tems per  
'lantation-grown stands 
Natural stands 
267 
1184 
852 
639 
Plantation-grown  stands Natural stands 
per cent 
T 
rT 
IT 
>MT 
3 
45 
28  
25  
7  
82 
7 
4 
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after casting lots,  165 and  150 stems were cut in  
plantation-grown and  natural stands  respectively.  
Their butt logs were scaled for cross-cutting  in  ac  
cordance with the generally applied classification 
standards (Heiskanen and  Siimes 1959). The clas  
sification  was  adjusted,  however, for the  lake district 
of Finland. A sector  was cut from the butt of each 
log; this  sector  was  taken  from the middle of the 
largest and smallest diameter between the surface 
and the pith.  This was used to determine the basic  
density of the wood, the width of the  annual ring 
and the late wood percentage.  When each sector  
was  treated in two parts, the  total number of sam  
ples such as  these was 600. 
All logs were sawn and the sawn goods were 
sorted visually. One batten or plank was taken from  
every  second log  and graded mechanically,  producing  
about 150  sawn pieces.  
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3.  RESULTS  CONCERNING STEMS  AND  LOGS  
31. The self-pruning  of  stems 
Figure  1 presents  the dependence  of  dif  
ferent branchiness zones of  the stem on the  
age of  the  tree  in plantation-grown  and na  
tural stands. The height  of  the  stems  in  
creases  with age, but the height growth  is  
especially  quicker  in old plantation-grown  
stands than in natural stands.  This is  partly  
due to  the better  forest  site type (page  12).  
The branchless part of the  stem gets 
longer  with age, but the  growth  is  especially  
quicker  after  the 60th year. The top limits  
of  the branchless  part and the part of the 
stem  with knot-bumps  are, however,  con  
stantly  higher  in natural pine  stems than in 
plantation-grown  stems. When the branches 
fall  off faster,  then the  length of the portion  
of  the stem that has knot-bumps  seems  to 
remain  somewhat  stable.  In plantation-grown  
stands,  that  part  of  the stem with dry  bran  
ches  and  the crown  lengthen  clearly  with  age, 
whereas the development  in naturally  re  
generated  pine  stems  seems  to  be the con  
trary  (c.f.  Table 2). 
A long zone of  dry  branches is  obviously  
attributable to  the fact  that plantation-grown  
stems  have thicker  branches than natural 
stems  and  that plantation-grown  pine  branch 
is  dry  and fall  off  at a slower pace  even  at  a 
Fig.  1. Development with age of  the branchiness zones,  the tree height and the biggest branches. Broken 
line = natural pine stands.  1 = knot  bump limit,  2 = branch limit,  3  = crown limit,  4 = tree 
height. 
Kuva  1. Rungon eri  oksaisuusvyöhykkeiden,  puun  pituuden sekä suurimpien oksien kehitys  iän  mukana.  
Katkoviiva = luonnonmänniköt. 1 = kyhmyraja,  2 = oksaraja,  3 = latvusraja,  4 puun  pituus. 
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Table 2. Relative heights of the branchiness zones by age  classes.  
Taulukko 2. Eri oksaisuusvyöhykkeiden  suhteelliset pituudet ikäluokittain. 
late age.  Differences  can also be seen among 
various regeneration  methods. The self  
pruning  of  plantation-grown  stands  is  slower 
than in sown pine  seedling  stands,  and the 
comparison  between various sowing  methods 
shows,  for  its  part,  that  in areas where broad  
cast  sowing  has  been applied  self-pruning  of  
stems  is  quickest.  The differences caused by 
various regeneration  methods are  evident in 
the following  table,  which describes the 
distance of  the lowest  dry  branch from the 
ground  and the  thickness  of  the thickest dry 
branch of the  stem in a 40- to 60-year-old  
plantation-grown  stand. 
The early development  of the seedling  
stand,  primarily  the  growth  density,  is  ob  
viously  reflected in the branchiness of the  
lowest  part of  the  stem, although  the effect  
of  the density  at  the stage of  stand establish  
ment  vanishes with age.  This is  clarified  by  
the  width  of the  annual  ring  of plantation  
grown stems,  established  by different means,  
in the area around of the pith  (within  a 75 
mm  radius from the pith)  at  the  0-level  of  
the stem. 
Also in relation  to the  length  of the stem 
the  lengths  of  the  defect-free part  and the 
part  of  the  stem with knot-bumps  are  shorter 
in plantation-grown  stands,  whereas the  part  
of the stem with dry branches is  cor  
respondingly  longer  but the crown shorter 
(Table  2).  The result  is  significant  from the 
viewpoint  of  the utilization  value of  the stem, 
for dry  branches decrease the value of  sawn 
goods  more than living  branches.  
In naturally  regenerated  stands,  the width 
of  the annual ring  in around the pith  in stems 
of  40 to  60 years  of  age, is  on an average, 
1.8 mm and the distance to the lowest  dry  
branch 16 dm.  From among different re  
generation  methods,  a timber stock  establi  
shed by  broadcast  sowing  seems  to most re  
semble the naturally  regenerated  stock  as  
concerns  branchiness  characters  and  quality.  
The results  of the development  of  sown 
stands obtained by  Kallio (1960)  also  sug  
gest this.  The development  of  self-pruning  
of  the stems  was,  according  to these studies  
that contained plenty of information on 
broadcast sowing  areas,  even quicker  than 
the self-pruning  which  Nyyssönen  (1954,  
page 87)  found out  in pine  stands  that had 
been thinned repeatedly.  
Age class Knot bump  limit Dry branch  limit Crown limit 
Ikäluokka Kyhmyraja 
x s  
Kuivat oksat  
x s 
Elävät  oksat  
x s  
Plantations,  % — Viljely männiköt, % 
30 1,4 0,7 1,6 1,1 52,3  9,9  
40 2,1 1,5 3,1 2,7  55,8  10,0 
50 2,8 2,1 5,1 5,4  57,2  12,6 
60 4,3 3,4  7,5 6,3  61,7  11,7 
70 4,8 1,2 9,4 4,2  60,4 4,2 
80  10,8 6,1  14,0 5,2 62,2 5,2  
90 
Natural stands, % — Luonnonmänniköt,  % 
30 3,7 2,2  3,9 2,2  44,7 9,8  
40 3,7 2,0  9,1 9,4  52,7  10,6 
50 4,1 2,6 7,8 7,7  52,8  8,3  
60 5,3 2,9  8,5 5,9  50,1 8,0  
70  5,4 2,8  17,7 16,2  51,5  11,2 
80  17,3 6,6  20,8 14,2 54,2  12,5 
90  17,6 7,5  23,8 13,8 57,0  11,2 
[eight  of the lowest Thickness  of tl  
dry branch,  cm thickest  dry branch, i 
'lanting 
'atch  sowing  
iroadcast  sowing 
50 
70 
40 
38 
28 
25 
lanting  Patch sowing 
Width of annual ring,  mm 
2.2  
16 Uusvaara O. 
Table 3. Correlation between  the height of stem  branchiness zones  and age  and DBH. 
Taulukko  3. Rungon eri oksaisuusvyöhykkeiden  korkeuden  riippuvuus iästä ja puun  rinnankorkeusläpi- 
The  lengths  of  different stem zones,  as  far 
as branchiness is concerned,  increase with 
age,  with  the exception  of  the crown, but  the  
diameter  growth  rate  of  the stems  also  has 
an  effect  on self-pruning.  In young stands,  
the part of  the stem that had shed its  bran  
ches  and  the part that is  defect-free did not  
lengthen  enough  to deserve mentioning  as  
the stem grew larger.  In the thickest  stems 
of  a specific  age, however,  self-pruning  had  
been poorer  and thus  the  stems  were of  
poorer quality  both in plantation-grown  and 
naturally  regenerated  stands (Table  3). In 
the  oldest  age group the  quality  was  poorer 
when the stems  were thinnest,  although  their 
branches had dried rather high  up the  stem 
and the  crown had thus remained short.  The 
crown limit, on the other hand,  rose  as  the  
diameter increased also in young stands,  
which signifies  small  crowns  and  a  long  dry  
branched part  of  the stem in quickly  grown 
stems (Figure 1 and Table 2).  
It  has already  been stated that clear  differ  
ences  in the self-pruning  of  stems, both be  
tween  various stands  and  within them, exist  
in such a way  that self-pruning  is  poorest in 
both the largest  and  the  smallest  trees  in a 
stand (Uusvaara  1974).  In the present study  
the same trend was found in plantation  
grown stands,  but in naturally  regenerated  
pines  the correlation between the  size  of the 
stem and the self-pruning  stage  was  weaker. 
Results  such as these seem to favour selective  
thinning from above thinning  methods,  
where,  in addition to  hold-overs,  the largest  
trees  of  the first crown layer  would be  re  
moved. This possible  cutting  method has 
also  been presented  by  Nyyssönen  (1954),  
Heiskanen (1965)  and  Vuokila (1977).  
The forest site type also affects  self  
pruning,  healing  over,  and the location of the 
crown limit.  This is  described by  the height 
of  the first  full branch whorl  of  the stem, 
which is lowest in Oxalis-Myrtillus  and 
Vactinium site types,  when  the stems under 
comparison  are  of the same age. 
Similar  differences in self-pruning  between 
stems in different site types were already  
found in an earlier  study  by  the  same author 
(Uusvaara  1974), where the difference be  
tween  the best  two forest site  types  was  
especially  clear.  
The following  equations  describe the  cor  
relation between the height  of stem parts  
with different branchiness zones  and the age 
of the  tree  in plantation-grown  and naturally  
regenerated  stands:  
mitasta. 
Knot bump limit, dm — Kyhmyraja,  dm Branch limit,  dm — Oksaraja, dm Crown limit,  dm — Latvusraja,  dm 
Dbh,  cm Age, years  ■ 
— J&ä, a Age, years — Lfetf, <7 Age, years  —  Ikä, a 
Di .3,  cm 
<45 46—65 > 66  < 45 46—65 > 66 <45 46-65 > 66  
X  s X S x s X s X S X s X  s X s x s 
Plantations — Viljely  männiköt 
15 2 2 4 2 5 2 4 5 6 7 17 11 79 18 85 19  50 12  
20 3 2 5 4 10 16 5 5 8 8 5 2 88 25 101  25 125 19  
25 3 2 5 5 10 5 6  5 8 8 22 14 103 29 111 26 139 22 
30 4 2 5 5 21 18  5 3 8 9 28 21 99 34 111  25 151 18  
Natural stands — Luonnonmänniköt 
15 4 1 6 5 10 8 5 2 13 12 26 25 58 4 71  21 80 19 
20 5 2 7  6 13 9 9 7  15 13 33 31 85 30 92 17  94 24 
25 5 5 6 4 14 9 8 7 17 15 35 33 86 20 97 18  111 34 
30 8  4 13 8 14 9 36 33 102 17  118 34 
Age class, a 
Forest  site type <45 46 to 55 
First  branch  whorl from ground, dm 
VT 16 31  
MT 16 36 
OMT 11 12 
Plantation-grown stands 
degression equation  y r 
h = 2.0719  x + 9.9864 
h = 0.4983  x — 19.406 
h = 0.7266  x — 27.895 
u = 1.5396 x + 24.365  
17.96 
0.61 
0.92  
10.39 
0.693  
0.689 
0.695  
0.616  
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In equations 
yi  = height of tree, dm 
y 2  =  height of  the  part  of  stem with knot-bumps, dm 
y 3  =  height of dry-branched part  of stem, dm 
yt  = crown limit,  dm 
x = age  of  tree,  years 
It  can be seen  that the correlation coeffici  
ents calculated in equations  from plantation  
grown stands are considerably  higher  than 
those  from natural stands. On the  basis  of  
age, the fluctuation of branchiness limits  
cannot  be  determined to  as  great an extent 
in natural stands as in plantation-grown  
stands.  The descriptive  percentages  of  various 
branchiness  limits  in plantation-grown  stands  
are  47,  48 and 38.  The interdependence  of  
variables  describing  the external  quality  cha  
racters  of the stems measured from some 
standing  sample  trees  and from sample  plots  
is  presented  in tables  4 and 5.  The tables 
show that the  correlations between the  va  
riables are  usually  higher  in plantation-grown  
stands than in naturally  regenerated  stands.  
This is  owing  to the greater fluctuation of  
the values of the variables  in natural  stands.  
Tables 6 and 7  present the  properties  of 
standing  trees and butt logs measured in 
plantation-grown  and naturally  regenerated  
stands  and  characteristics  grouped  according  
to  the  branchiness  class  of  the butt  log.  When 
examining  the measurement results  of  the  
stems  one can infer that the logs of  poorer 
quality  come, on one hand,  from young,  
small-sized  stems and,  on the other hand,  
from comparatively  large-sized,  quick-growing  
stems.  The  poorest  quality  logs  come from 
among the  largest  stems,  but not, however,  
from among the  tallest  ones. 
The poorer the quality  class  is, the weaker  
the  self-pruning  quality  of  the  stem is  and  
the greater the thickness  of  the  branches.  The 
table that presents  the properties  of  natural 
pine stems  verifies,  on the basis  of diameter 
measurements, the earlier  statement  that the 
best  logs do not come from the largest  stems 
of  the stand. On the  basis of  age and  branch  
thickness,  it  can be seen that the quality  of  
the log  is  best  in old, slowly-grown  stems 
(Table 6).  The plantation-grown  logs  in the 
first  branchiness class  do not  obviously  al  
ways,  despite  their larger  size,  fall  into the  
best  quality class,  but  the defects caused by  
quick  youth development are  hidden inside 
the stem (page  30).  
The longest  branch in the stem describes  
the quality  of the butt  log  better than the  
thickness  of  the largest  dry branch of the 
stem does. In plantation-grown  stands the  
length  of the longest  branch also grows as  
the quality  of the log  weakens,  which partly  
describes the  correlation between the width  
of  the crown and the general  quality  of  the  
tree. 
in his  studies,  Heiskanen (1965)  empha  
sizes the importance  of the  length  of the 
branchless  part of  the  stem and  branchiness  
with regards  to quality  of saw logs.  The 
faster  the growth  rate  has  been,  the  shorter  
the  branchless  part  of  the  stem is  in all  dia  
meter  classes and the  thicker  the branches of  
the butt are.  According  to Heiskanen,  the 
height  of  the  branchless  part  of  the stem  rises  
up to 4 meters  at approximately  the age  of  
80 years, and  is  then about 15 per cent  of  
the  height of  the  stem.  Heikinheimo (1953)  
states correspondingly  that the butt  section 
free of  branches is  14 per cent  of  the stem 
already  at the  age of  50.  Also Kallio (1960)  
found out that a  stand established by  sowing 
had self-pruned  up to  the height  of  4  meters  
in the Myrtillus  type already  at  the age of  55 
years.  The  comparability  of  his  studies  with 
the results  of this  study  is weakened by  the 
fact  that the  material  unrestrictedly  included 
trees  in broadcast  sown  areas  also.  Also,  pine  
stands  in the OMT  site types had  been ex  
cluded from the  study.  In the  studies of 
Kärkkäinen (1980  a) the height of the 
branchless  part  of  the  stem fluctuated in na  
tural pine  stands  from  2,6  to 7,5  meters  in 
conformity  with the quality  of  the log.  Cor  
respondingly,  in another  study  by  Kärkkäi  
nen (1980  b) the stems of a good-quality  
marked stand had self-pruned  up to the 
height  of  8.9 meters, but in marked stands  
of  poorer quality  self-pruning  occurred only  
up to 3.6 meters.  The results are  not fully  
comparable  with this study,  which had to  
mainly  include  trees  from youngish  naturally  
regenerated  pine stands  in the material.  
Because usually  only  butt  logs  are fully  
self-pruned,  it has been suggested  as a cri  
terium in quality  grading  that the butt  logs 
be  separated  from other logs (Heiskanen  
1971,  Asikainen 1980,  Kärkkäinen  and Sal  
mi  1981). 
Naturally  regenerated stands 
legression  equation  y 
t 
h  = 0.5424 x + 144.73 
r2  =  0.2014 x  — 3.6298 
r
3
 = 0.4711  X — 7.6826 
r,  =  6.3571 x + 71.402  
18.07 
0.97  
2.31 
9.51 
0.30' 
0.46' 
0.34; 
0.22. 
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Table 6. Properties  of butt logs  and stems  of differing branchines classes.  Plantation  
grown  pine stands. 
Taulukko  6.  Oksaisuusluokaltaan erilaisten tyvitukkien  ja runkojen ominaisuuksia. 
Viljelymänniköt.  
Table 7. Properties  of butt logs and stems  of differing branchiness classes.  
Natural pine stands. 
Taulukko  7. Oksaisuusluokaltaan erilaisten tyvitukkien  ja runkojen  ominai  
suuksia. Luonnonmänniköt. 
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Drying  and healing over  of  the  branches 
of  the stem are  closely  related to the devel  
opment of  the  height  of  the crown. Nilsson 
(1968)  has said  that the height  of  the crown  
is  also  a hereditary  quality,  but  its  effect  is  
usually  buried by  the  changes  in stand den  
sity.  The effect  of stand density  on the 
length of the  dry  branched part of  the stem 
and the  crown  ratio has been the  subject  of  
several  studies  (Näslund  1944,  Erteld 1967, 
Mathieu 1967, Persson 1977, Varmola 
1980).  Kellomäki and Tuimala (1981)  
stated that  the number of living  branch  
whorls decreased clearly,  that is,  the  crown 
grew narrower as  the  density  of  the stand 
increased. Kellomäki (1980  and 1981) has 
studied the formation and  growth of the  
branches,  needles and the  stem of  young pine  
stands and the dependence  of  the  division  
ratio on light conditions. According  to his  
studies,  the share of  the growth  of  the  pine  
stem is  greatest,  when the light fall  on the 
crown  is  60 to 70 per cent  of  the  light of 
a corresponding  open area.  
32. The branchiness of  the stems  
The term "branchiness" in this context  
means  the abundance,  thickness,  number and 
self-pruning  stage of  the  branches outside 
the surface  of  the stem (c.f.  Uusvaara 1974,  
page 10). 
Branches are  an essential part  of the tree, 
because  the thickness  and volume of the 
branches and their share  of the volume of 
the stem are dependent  on the diameter of 
the stem. The thickness of the  branch in  
creases  mostly  in conjunction  with the  dia  
meter  growth  of  the stem and is  not  nearly  
as strongly  dependent  on  the age of  the  tree. 
Already  in an earlier study (Uusvaara  
1974) the breast  height  diameter proved  to  
be the best  independent  variable of the thick  
ness  of the thickest  dry  and living  branch  
of  the  stem. By  using  these variables 63  and 
54 per  cent  of the fluctuation of  the thickness  
of  the largest  branches of  plantation-grown  
stems could be  explained.  The inexplicable  
fluctuation is dependent  on the external  
growth conditions,  such as the effect  of  
neighbouring  stems,  light  conditions  and,  on 
the other hand,  on  the  genetic basic  structure  
of  the stand. 
Fig.  2. Correlation between the diameter of the  
thickest  dead branch of the stem and breast 
height diameter. 
Kuva  2. Rungon  paksuimman kuivan oksan pak  
suuden riippuvuus puun  rinnankorkeusläpimi  
tasta. 
Fig. 3. Correlation between the diameter of the  
thickest  dry branch of  the  stem and  age. 
Kuva 3. Rungon paksuimman kuivan oksan pak  
suuden riippuvuus iästä.  
In this study  as  well  there was  a strong 
correlation between the breast  height dia  
meter and the largest branches of  the stem in 
the material of  both origins, whereas the 
thickness of the branches correlated even 
negatively  with age (Figures  2 and 3). A 
development  trend such as this  is  still  clearer  
in naturally  regenerated stands than in 
plantation-grown  stands.  
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The correlation is  described by  the follow  
ing  equations:  
In equations  
yi  = thickness of thickest  dry branch of stem, mm 
y  2  = thickness  of longest living branch of stem, mm  
Xi = age  of stem, years 
x 2  =  breast height diameter of stem, cm 
The thickness  of  the branch is  dependent 
on the  height and  diameter of  the  stem, but  
it is especially  dependent on the diameter 
growth  rate  of  the tree. The increase in the 
diameter growth  rate  of  the  tree promotes 
the diameter growth  of  the branches pro  
portionately.  It has  already  been stated that 
the growth  rate  of  the stem is  an important 
factor when explaining  the fluctuations of  
the thickness and length of the largest  
branches of the stem (Uusvaara  1974). A 
young tree  may thus have thicker  branches 
than considerably  older stems, and on an 
average,  the branches are  even thinner the 
older the stem of  a certain diameter is. 
As  the tree  gets older the branches that 
are thickest  get higher and higher  on  the 
stem and,  at a certain age, the  thickness  of  
the branches culminates and starts, con  
versely,  to  decrease in conjunction  with the  
self-pruning  of  the stem. The turning  point  
seems to be at around the  age of  60,  after  
which the  diameter growth of  the branch  
stops.  At  the beginning  of  the rotation of  the  
stand,  the diameter  growth  of  the branches 
is  quickest, so that at  this  stage the most  
important silvicultural  measures are those 
that retard the growth  of the branches 
located at the butt  of the stem also.  
The thickness of  the  branches in the stem, 
from the first  complete branch  whorl up  
wards is  presented  in Figure  4. The branches 
of  the  naturally  regenerated  pines  are  thinner 
than those of  the plantation-grown  pines,  
especially  in the lower part of  the stem, but 
Fig.  4. Thickness  of the  branches of  pine  stems  at 
different heights by  diameter class  starting  from 
the first branch whorl. Broken line = natural 
pine stands. 
Kuva 4. Mäntyrunkojen oksien paksuus eri kor  
keuksilla ensimmäisestä  oksakiehkurasta lähtien 
läpimittaluokittain. Katkoviiva  = luonnonmän  
niköt. 
in the  upper part  the  differences in the  thick  
ness  of the branches vanish  gradually.  The 
thickest  branches of  the  stem are located in 
stems of  small  diameters in the middle of  the  
stem or  a  little  below that,  but  their  location 
rises as  the diameter of  the  stem increases.  
In Figure  4 it  can  also  be seen  that the  trees  
with the  largest  diameters are  not necessarily  
the ones that have the thickest  branches when  
all  of  the branches in the stem are examined.  
At  the  butt,  up to  approximately  the middle 
of  the  stem, the  differences are,  however,  
clear  in that the  stems  in the  largest diameter 
classes  also have the thickest branches. The 
thickest  branches in naturally  regenerated  
stems are  situated somewhat higher  than in 
plantation-grown  stems, which is obviously  
a result  of the  quicker  self-pruning  of the 
Plantation-grown  stands 
degression  equation  
h =—0.1265 X, + 31.808 
h  = 0.00505  x,  + 35.901 
h = 1-2255 X: + 4.2698 
h  = 0.96424 x2  + 14.502 
y  
31 
36 
31 
36 
r 
—0.018 
—0.009  
0.469 
0.448 
Maturally  regenerated stands 
degression  equation  
h =—0.14244  x, + 37.562 
h =—0.02596 x, + 37.529 
h  = 1.2967 x2 —  0.77168 
h = 1.6765 x2 — 0.88920 
y 
27 
35 
27 
35 
r 
—0.335 
—0.055  
0.487 
0.567 
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branches  in the lower  part of the  natural 
stems.  Also  the shape  of  the crown  may  have  
an effect  on  the location of the thickest  
branches,  that is, the thickest  branches of  
broad-crowned trees are located lower than  
those of  narrow-crowned trees.  
The self-pruning  of  the  stem and the thick  
ness  of  the branches are  also  dependent  on 
the  growth  rate of  the  tree.  The older the 
stem of  a certain  thickness  is,  however,  the 
better  the quality  usually  is  up to a certain 
age limit. As the  growth  speed slows  down,  
even the thinnest branches cannot  heal  over  
any longer  and self-pruning  also weakens 
(Heiskanen  1965,  Uusvaara 1974, Kellomäki  
and Tuimala 1981). 
This matter  is  described by  the following 
tabulation,  which shows  that the thickness 
of  the thickest  dry  branch of  the stem will  
decrease as the breast  height  diameter of 
plantation-grown  stems of  a certain age de  
creases:  
In natural stands  the development  of  the 
thickness  of the thickest  dry branch of  the 
stem was  as  follows: 
From the viewpoint  of  the quality of the 
stem, however,  the  thickness  of  the branches  
in the butt  log  area  has the  greatest import  
ance,  for  the  quality  of the  log  is  mainly de  
termined on the basis  of  the  branches. On the 
other hand, the thickness of the branches 
under discussion also describes,  although  
somewhat poorly,  the branchiness and qua  
lity  of the  other logs  of the stem. If  the 
branches are  thick,  they  do not  fall  off  as  
easily  as  they  grow old,  and the sawn goods 
that will later  be produced  from the  stem 
will  have dry or  even decayed  branches in  
them.  
To describe the thickest  branches in the  
butt area of the stem the thickest still visible 
branch in standing  trees  was  measured within  
the butt  log  area  as was  the thickest  dry  
branch of  prepared  logs,  in addition to the  
mean thickness of the branches that had not  
yet  healed over.  The branches observed  in 
the  butt  log  area  were all  dead.  In the butt  
logs  prepared  from pines  of plantation  origin,  
however,  10 per  cent  were  totally  branchless,  
the corresponding  figure for natural stands  
was  21  per cent.  
Table 8  presents  the number and mean 
thickness  of  the  branches of  the  butt  log  as  
well  as  the thickness  of  the largest  branch  in 
accordance with the real quality class. A  
general  trend of development is that the  
thickness  of  the  branch increases  as  the  qua  
lity of  the log  decreases,  and the differences 
in the diameter of the thickest  branches be  
tween  various classes  increase as we move 
towards the  weaker qualities.  In logs  from 
plantation-grown  stands,  the branches are  
thicker  than in corresponding  quality  classes  
of  natural pine  logs.  The mean diameter of 
the branches fluctuates between logs  of  dif  
ferent  qualities  less  than the  thickness  of  the  
thickest  branches does. Also the number of 
the  branches increases as  the  quality  of  the 
log  decreases,  which is  because  logs of  poorer  
quality  come from stands younger than 
average. The thickness  of the  branch both on  
the  stem and on the butt  log  is  greatly  de  
pendent  on  the  thickness  growth  rate  of  the 
stem (Figures  7  and 8,  page 27).  
The following  tabulation shows the mean 
diameter of the thickest  branches of standing  
trees  measured within the butt log area, 
when the log  has been classified  solely  on  the 
grounds of its  branchiness as  well  as in ac  
cordance with the  real  quality  class,  including  
defects on the stem (c.f.  Table 8). 
The results  show in this  context  also that 
the  differences between the  diameters of  the 
branches of  good and  poor logs  increase as  
the  quality  of  the  logs  decrease. In plantation  
grown stands  as well  as  in forests  that have 
regenerated  naturally, the differences be  
Age, a 29 
Breast height diameter,  cm 
27 25 23 21 19 
Thickness  of branch,  mm 
1'  
§ 45 
46—65 
5 66  
37 
36 
49 
42  
32 
29  
36 
36 
33 
33 
29 
27 
31 
29 
23 
31 
25 
23 
25 
* 29 
Breast height  diameter, cm 
27 25 23 21 19 
Thickness  of branch,  mm 
17 
45 
46—65 
5 66 
35 
34 
31  
35 
32 
28 
33 
31  
27 
31 
34 
27 
30 
25 
22 
26 
21 
l 
Branchiness  class Real quality class 
2 3 Cull 1 2 3 Cull 
X s 
Thickest  dry branch, qim 
x s x s x s x s x s x s x s 
'lantation-grown stands 
12 3 20 4 30  6 56 9 12 3 20 4 29 6 31  11 
Jatural  stands 
11 3 18 6 25  5 34 6 10 3 17  6 24 7 25 9 
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Table 8. The thickest  knot, the mean knot diameter and  number of butt 
logs  of  the quality classes.  
Taulukko 8. Laatuluokaltaan erilaisten tyvitukkien  paksuin oksa,  oksien 
keskiläpimitta  ja lukumäärä. 
tween  the diameters of  branches  of  logs  are  
greatest in the poorest  quality  classes.  
The branchiness and the importance  of  
branches on  the quality  can  also  be described 
by  means  of the branch angle, the number 
and length  of  branches as  well  as  by  the per  
centage of  the cross  cut  surface  area of the 
branch  stubs  expressed  in terms  of  the  total  
stem area. The branch angle  also  describes 
the thickness  of  the  branch,  which usually  
increases  as  the branch angle  decreases. The 
size  of  the branch angle  is  also  different in 
the butt  and crown  parts  of  the  stem, that  
is,  the angle  widens as  the tree  grows  older  
(Mayer  1961). It is generally  considered 
that the  branch angle  is  a  strongly  hereditary  
characteristic  (Schöpf  1954).  Together  with 
the natural self-pruning  of  the stems  and  the 
aspect  of age, the  importance  of the branch 
angle  as  a  quality  character,  however,  lessens.  
It  has also  been established that the num  
ber  of  branches in a branch whorl is  strongly  
regulated  by hereditary  factors (Eklundh  
Ehrenberg  1963, Rautiainen 1971). The 
number of the branches is, however,  also  
strongly  dependent  on stand density,  i.e. on 
light conditions (Flower-Ellis et  ai.  1976,  
Kellomäki  1980). The number of branches 
in a whorl usually  varies minimally  (Varmo  
la 1980), for which  reason  the importance  
of  the trait  as a quality  factor is  not  very  
great. 
Kellomäki and Tuimala (1981) have 
studied the correlation between the  diameter 
of  the branch and the density  of  young stands  
and  have found out that as  the stand density 
in young pine  stands exceeds the limit  of 
2 000 to 3  000 stems, branch thickness  do 
not  any  longer  clearly  decrease. Thickness  de  
creased  and self-pruning  was improved as  
stand density  increased. It looked,  however,  
as though self-pruning  was  conversely  wea  
kened in especially  dense stands. Persson  
(1977)  has also  observed that there is a 
similar  correlation between the density  of  a 
stand and the branch diameter.  He discovered  
that the width of  the annual ring  increases 
and the distance to  the  lowest dry  branches 
decreases  as  the planting  density decreases. 
The growth  rate during the  early  years  of 
a stand can be seen  when examining  the  
thickness of the  branches, often  still  in saw 
timber stands. According  to Heiskanen 
(1965),  the largest  branch on a pine  butt  
log  distinctly  thickened as  the annual ring  
widened around the  pith. When the  width  of  
the annual ring  on a  Myrtillus site type was  
3 mm, the thickness  of  a branch  was,  on an  
average, about 20 mm when measured from 
pine butt  logs. Nylinder  (1958)  measured a 
thickness  of  22 mm for  a  pine  branch at  the 
height of  3 m, when the  width of  the annual 
ring  was 4 mm. Heiskanen (1954  b) dis  
covered a correlation  between the width of  
the annual ring  and the largest  branch in 
sawn goods.  An  annual ring  of  1.4 mm  cor  
responded,  on an average, to  a  branch thick  
ness  of  25 mm in sawn  timber pieces.  
[ality  class 
ituluokka 
Tiickest  branch,  mm 
Paksuin oksa, mm 
average diameter, mm 
Keskiläpimitta, mm 
lumber of brand 
Oksia, kpl  
1 
2 
3 
Cull  
Hylky  
x 
17 
19 
30 
33 
s 
4 
4 
5 
15 
Plantations — Viljely  männiköt 
X S X 
11 2 9 
16 9 21 
17 6 36 
— — 36 
s 
8  
16  
16 
10 
1 
2 
3 
Cull 
Hylky  
7  
16  
29  
44 
2 
5 
4 
20 
Natural stands — Luonnonmänniköt 
1 2 1 
11 4 21 
14 2 28 
_ _ 44  
4 
14 
11 
4 
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33. The quality  of  the butt  log  
Figure  5 presents  the  distribution in qua  
lity  classes  of  the butt logs  of classified  
standing  trees. This distribution is based 
solely  on  the branchiness  of the butt  log  part  
of  the  stem on the one hand,  and on all  de  
fects  on the other.  When the butt  log  was  
classified  solely  on grounds  of  the  branchi  
ness  classes,  and only  branches and branch 
knots  were considered,  the butt  log  fell  into 
the  third quality  class  almost as  often as  into  
the second quality  class,  but  it was,  however,  
rarely rejected.  The most  typical  features in 
the quality  distribution of  butt logs  from 
plantation-grown  stands  were the scarcity  of 
first  quality  class  logs  (13  per  cent)  and  the 
prevalence  of  third quality  class  logs  (42  per  
cent).  In natural stands,  the share of  the 
first  quality  class  was  considerable (35  per 
cent),  but the second  quality  class  was  the 
commonest.  The first  and  second classes  to  
gether  accounted for almost  85 per cent  of  
all  natural butt  logs.  The examination of  the 
share of the  first  and second  quality  classes  
is  significant,  because  the  best  quality  classes  
of  logs  produce,  to  a  considerable degree,  the 
best u/s qualities  of  sawn goods,  albeit  
mostly  thirds and  fourths (Siimes 1962,  
Orver  1970  b). 
Although  branchiness is a determining  
factor  when  estimating  the quality  of  the  log, 
visually  observable stem defects and internal 
defects of the  timber are  also  of  considerable 
importance.  Some of  the  defects are  caused 
by genetic  characteristics  and  others  are  
caused by  various environmental factors  and 
external causes  of damage. These include 
snow, which causes  the crowns  of  the  trees  
to break,  especially  in young, fast  growing 
seedling  stands (c.f. Uusvaara 1974, page 
51). In plantation-grown  stands,  unsuccess  
ful planting  often  leads  to the  sweep of  the 
butts  or even  the higher  section of the stem. 
This is  called,  in conjunction  with plantation  
inventories,  the  tilting  phenomenon  (Huuri  
1976).  Huuri (1979  a,  1979  b) ascertains  that 
the tilting  phenomenon  even  in its  slightest  
form is so common in plantation-grown  
stands  that  this  type of  pine  stand can easily  
be distinguished  from sown or  naturally re  
generated  thinned stands by  the abundancy  
Fig.  5. Distribution of standing tree butt logs into  quality  classes on the  basis  of branchi  
ness and  real grading class.  R  = cull.  
Kuva 5.  Pystypuiden  tyvitukkiosan  jakautuminen laatuluokkiin oksaisuuden ja todellisen 
luokituksen perusteella. R = hylky. 
25 Commun. Inst. For. Fenn. 130 
of  bent stems (c.f.  Uusvaara 1981  b).  
In this study,  however, only  a fraction of  
the material came from plantation-grown  
stands,  so that the  crooks  at the butt  of  the 
log  or the sweeps  of  the  stem  must  have some 
other major cause.  One explanation  for the 
occurrence  of  sweeps  may  be  that the  seeding  
tufts  are  thinned too  late.  Sweeps  occur  more 
often in plantation-grown  stands than in 
natural  stands,  but  the difference in the  oc  
curence  rate of  this  defect is  not  as  great as  
when making  comparisons  between the pre  
valence  of crooks (Table  9). The average 
sweep of plantation-grown  logs  which had 
been prepared  for  sawing  was  18 mm for  the 
length  of  the log  and the greatest sweep 
measured 90 mm. The corresponding  figures 
for  natural pine logs  were 14 and 50 mm. 
The original  number of  stems in the stand 
is  a factor of  considerable effect  on the  num  
ber  of  defects,  for  in the management of the 
stand an attempt is  always  made in the first  
place  to  remove  defective stems.  Because the  
starting  density  of  natural stands  is  great, a  
sufficient  number of defect-free stems can 
usually  be  left  during  the  thinning process.  
This  being  the case,  the larger  percentage of  
defects in plantation-grown  stands  need not  
only be  related  to the susceptibility  of  the  
stems to various defects.  
In plantation-grown  stands,  sweeps occur  
almost  solely on  the  stems, whereas  crooks  
are somewhat more common in the butt  area  
than in the upper sections  of the  stem. A 
similar  result  can  be seen also  in Table 10, 
which gives  only  the observations  made in 
the butt log  area. The table would  seem to  
indicate that in the context of  test sawings  
more logs  with sweeps but less  logs  with 
crooks have been produced  from both 
Table 9. Frequency of  stem defects in  standing trees.  
Taulukko 9. Pystypuista havaittujen runkovikojen  yleisyys.  
Table 10. Frequency of  defects in butt logs. 
Taulukko 10. Tyvitukeista  havaittujen vikojen yleisyys.  
Origin  
Alkuperä  
Defect-free Defect 
stems in butt 
Virheettömät Vika 
rungot tyvessä 
Defect 
in stem 
Vika 
rungossa 
Crook, 96 — Mutka, % 
Plantations — V  iljelymänniköt  50 27  23 
Natural stands — Luonnonmänniköt 63 21 16 
Vertical  branch,  96 — Pystyoksa i, % 
Plantations — Viljelymänniköt  88 4 9  
Natural stands — Luonnonmänniköt 97 — 3 
Sweep,  96 — Lenkous, % 
Plantations — Viljelymänniköt 44 1 55 
Natural stands — Luonnonmänniköt 52 1 47 
Defect-free 
stems 
Virheettömät 
rungot  
Defect 
in butt 
Vika 
tyvessä 
Defect 
in top end 
Vika 
latvassa  
Alkuperä  
Crook, 96 — Mutka, % 
Plantations — Viljely  männiköt 
Natural stands — Luonnonmänniköt 
61 28 11  
77 16 7 
Plantations — Viljelymänniköt  
Natural stands — Luonnonmänniköt 
Vertical branch,  96 — Pystyoksa, % 
90 7 3 
95 — 5 
Plantations — Viljelymänniköt 
Natural stands — Luonnonmänniköt 
Sweep, 96 —  Lenkous, 96 
33 7 60 
44 2 54 
26 Uusvaara  O. 
Table 11. Frequency of  defects in  logs of  the quality classes. 
Taulukko  11. Vikojen  yleisyys  eri  laatuluokan tukeissa. 
plantation-grown  and natural stands than is  
the  average number  in the study  material.  On 
the other hand,  this  can  be explained  partly  
by  the  fact  that the sweeps  in the  stems  are, 
however,  often situated above the butt  log  
area. 
When using  the real quality  classification,  
in which defects in the  stem are also taken  
into  account, there is a major shift  in 
plantation-grown  stands  from the  third into 
the reject  class,  but  in natural stands again  
from the first  into the second class and 
respectively  from the  second  into the  third 
class.  In plantation-grown  the defects seem 
to  concentrate  in stems with  lots of  branches,  
which  means that a log  with a maximum 
number of branches often falls  into  the reject  
class  (Table  11). The share  of the first  class  
remains,  on the other hand, almost un  
changed.  In natural stands again  the differ  
ences between the numbers of defects  in 
good  and poor butt  logs  seem not to be as  
great. Both  in plantation-grown  and  natural 
stands,  stem defects  decrease the  share of  the  
best,  first  and second quality  classes  by  an 
average of  about 10 per  cent.  
Figure  6 presents  the  real quality  classes  
for butt  logs  of  sample trees  in plantation  
grown and natural stands.  The comparison  
between Figures  5 and 6 shows  that although  
the saw  logs  of  plantation  origin  included to 
a certain extent  more third class  logs on an  
average than the stands  in the sample  plots,  
the quality  classes  of  the sample  logs  agreed,  
Fig.  6. Distribution of butt logs  into  quality classes  
according  to real grading class. R  = cull. 
Kuva  6. Tyvitukkien jakautuminen laatuluokkiin 
todellisen luokituksen mukaan. R = hylky.  
on an average,  fairly  well with the quality  
distribution of the butt logs  of standing  
trees. 
In examination of  the  log masses  to be 
sawn,  it  is  usually  noticeable that the quality  
Quality class 
Laatuluokka 
Plantations — Viljely  männiköt 
Defect-free Defect Defect 
stems in butt in stem 
Virheettömät Vika Vika 
rungot tyvessä rungossa  
Natural stands — Luonnonmänniköt 
Defect-free Defect Defect 
stems in butt in stem 
Virheettömät Vika Vika 
rungot tyvessä rungossa 
1 
2 
3 
66 
45 
47  
11 
33 
21 
Crook, % 
—
 Mutka
,
 % 
23 72 
22 61 
32 69 
14 
23 
12 
13 
17 
20 
1 
2 
3 
60  
46 
39 
2 
1 
Sweep,  % — Lenkous, % 
39 57 
53 49 
60 57 
1 
5 
42  
50  
38 
1 
2 
3 
98 
93 
82 
2 
3  
2 
Vertical branch,  % — Pystyoksa, % 
—
97 
4 96 
17 92 2 
2 
3 
6 
27 
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Fig. 7. Correlation between the diameter of the  
thickest stem branches and butt log knots  and 
annual ring width near the pith.  Plantation  
grown  pine stands. Broken line = the thickest  
dry branch of a  stem in  planted pine stands. 
Kuva 7. Rungon ja tyvitukin  paksumpien oksien 
läpimitan riippuvuus luston leveydestä ytimen 
ympäristössä. Viljely  männiköt. Katkoviiva = 
rungon paksuin kuiva  oksa  istutusmänniköissä. 
Fig. 8. Correlation between the diameter  of the  
thickest  stem branches and butt log  knots  and  
annual ring width near the pith.  Natural pine  
stands. 
Kuva 8. Rungon ja tyvitukin  paksuimpien oksien 
läpimitan riippuvuus luston leveydestä ytimen 
ympäristössä. Luonnonmänniköt. 
of  the  log  increases  i.e.,  the share of  the first  
and second  quality  classes rises  as  the  top 
diameter of  the log  grows  up to a certain 
point,  after which the quality  decreases 
(Heiskanen  and Asikainen 1969). The in  
crease  in quality  is  a  natural result  of  the  in  
creasing  size of the stems which is ac  
companied  by  the  healing  over of  the  branch  
stumps (c.f. Kärkkäinen 1980  a). Poor  
quality,  large-sized  logs  come from two  sour  
ces:  firstly  from relatively  young,  fast-grown,  
poorly  self-pruned  young stems,  and secondly  
from over-aged  stems.  In terms  of  the  quality  
of  plantation  pines,  the best  logs  are ob  
tained from stems that are  older and larger 
than the average. These stems often come 
from the second or third  crown classes  and 
are slower growing  and have better self  
pruning  qualities  (Table  6).  In any case,  the 
effect  of  a retarded  growth  rate  on the  de  
creasing  of  the  quality  can clearly  be seen,  
especially  by examining  the thickest  branches 
of  the  log stem and the butt  log and the 
widths  of  the annual rings,  especially  in  the 
vicinity  of  the  pith  (Figures  7  and 8,  Table 
6). 
In natural stands  the trend is  similar,  but  
the differences in  the age and size  of  stems  
producing  good and poor quality  logs  were 
smaller.  Therefore,  in natural  stands  also  
younger and smaller-sized  stems  can be  of  
good  quality  (Table  7).  
On the  basis  of  the information given  in 
the  tables an observation can be  made that 
the  quality  of  the log  decreases also  as  the  
annual rings widen in the  area  around the 
pith.  There is  no such clear  dependence  be  
tween  the width  of  the  annual ring close  to 
the  sapwood  and the  quality,  especially  in 
natural stands.  As  far  as  the other  descriptive  
quality  traits of the timber are  concerned  a 
rise in the basic  density  will  somewhat 
improve  the  quality  of  the log,  but not as  
clearly  as  the late wood percentage. 
The increase in the width of the annual 
ring,  or the  thickness growth  rate, has an 
effect  on the decrease in the quality  of the  
timber.  This can clearly  be seen in Figures  
9  and 10,  where the correlation  between the  
average quality  index of  a  log  and the width 
of  the annual ring  at the  butt  of  the  log  is  
presented.  The quality  of  the log  decreases,  
or  the quality  index  rises  significantly  as  the  
width of  the annual ring  grows in the area  
around the pith,  whereas the correlation  be  
tween the  annual rings of  the sapwood  area  
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Fig.  9. Correlation between  the quality index of 
the butt log and  annual ring width near the 
pith.  
Kuva  9. Tyvitukin  laatuindeksin riippuvuus luston 
leveydestä  ytimen ympäristössä.  
of the  tree and  the quality  of the log  is  
clearly  weaker.  In natural stands the changes  
in the widths of  the annual rings in the  sap  
wood area  do not, on the  other hand,  any  
longer  affect  the quality  of the log. This is  
mainly  because  the  width  of  the  annual ring  
does not  change  to any  great extent when 
going  from the vicinity  of  the pith  towards  
the sapwood  area  of the  tree  (Table  7).  The 
results  of Heiskanen (1965)  concerning  the 
width of  the  annual ring  and  the quality  of  
the log are  very much similar.  He states,  
however,  that the narrowing  of  thick  annual 
rings has a stronger effect  on quality  than 
any changes  in narrow  annual rings have. 
Partly  because of  this,  the most  noticeable  
changes  in the quality  of  the timber take 
place  between the  thickness  of  three and two 
Fig.  10. Correlation between the quality  index of 
the butt log  and  annual ring  width in  the outer 
parts  of the  log.  
Kuva 10. Tyvitukin laatuindeksin riippuvuus lus  
ton leveydestä puun  pintaosissa.  
millimetres  of the annual ring  (Heiskanen  
1962).  From the  viewpoint  of  the quality  
of  pine  log,  Siimes (1962)  found a factor 
more important  than general  branchiness:  the 
largest  branch,  which grows in almost a 
straight  line as  the  width of  the  annual ring  
grows  (c.f.  Figures  7  and 8).  
The decrease in log  quality  as  it is  related 
to the increasing  rate  of growth is, in 
plantation-grown  stems,  partially  attributable 
to the forest site type. If  the  age factor is  
eliminated,  the log  quality is  lowest in the 
stands growing  on the  best,  and conversely  
on the poorest sites.  
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4. THE RESULTS OF THE TEST SAWINGS 
41. The quality  of  the sawn goods  
411. Classification  in accordance with 
exportable  sawn goods  
The share of  the  u/s  quality  increases and  
the share of  the  weaker  qualities  decreases as  
the  diameter of the  log  grows (Heiskanen  
and  Asikainen 1969).  In natural stands the  
improvement  of  the quality  is obviously  
quicker  than in plantation-grown  stands.  The 
outcome is  a natural result  of  the  healing  
over of the branches and the decrease and  
disappearance  of  the  defects  of  the  log  caused 
by  the increase in age and the larger size  of  
the  tree. Obviously,  however, too large a 
size  would again  cause a decrease in the  
quality  after  a certain diameter class,  for 
very  large-sized  logs  often  come from stems 
that have grown quicker  than the average 
and  thus are  of  poorer  quality.  This is  also  
suggested  by  the results Kärkkäinen (1980  b)  
obtained from test  sawings  of  pine logs  of a  
certain area. Some of  the large-sized  stems 
may, however,  come from over-aged stems, 
which naturally  have more defects  than usual; 
in these stems the  various structural  defects 
and damages  heal  over  very  slowly.  
The foregoing  conclusion may,  however,  
be more likely,  for  already  on the grounds  
of  the earlier  results in this  study  and on  the  
basis  of  the  results  by  Heiskanen (1965)  and  
Uusvaara (1974),  medium-sized stems are 
usually  the  best  in the stand in terms of  
quality.  In plantation-grown  stands truly  
oversized  trees  are generally very rare  for 
because of  the quick growth applicable  
rotations can be thought  to  be shorter  than 
usual. 
The ratio between the  large  size  of the log  
and the quality  of  the sawn  goods  is  also  dif  
ferent for logs  of  various quality  classes.  Al  
though  the rather limited material did not 
provide  good possibilities  to examine the 
matter, it  did seem that the improvement  of  
the  quality  together  with the  large size  was  
quicker,  the  better the quality  class  of the 
log.  In schaalboards  especially  the  thickness  
and the quality  of  branches play an  important  
role. The matter  can be made clear  by  the  
following  tabulation based on material from 
plantations.  The tabulation presents  the cor  
relation between the  classification  of sawn 
goods  and the top diameter  of the butt  log  
in the  second and  third quality  classes.  
The matter can also be studied by  ex  
amining  what kinds  of  sawn goods  are  ob  
tained from logs of  various qualities  that 
have been visually  classified  on the basis  of  
external  characteristics.  Test sawings  have 
shown that, on the  basis of  these traits,  it is  
possible  to predict  with some accuracy  the 
quality  distribution of  sawing  results  (Sii  
mes 1962). Generally  speaking,  logs  that 
have high  grade  marks  mostly  yield  high  
quality  sawn goods. 
A log  that looks good  may, however,  also  
give poor-quality  sawn  goods, but cor  
respondingly  bad  logs  hardly  ever  give  good  
quality  sawn goods.  If the quality  of a log  
is judged  only  on the strength  of  external  
factors,  it is  possible  to get very different 
quality  distributions from logs  of  a certain 
quality  class,  when they are  test  sawn.  
According  to Figure  11 a plantation  
grown pine log of a certain grade  class  
yielded  less  u/s quality  sawn goods,  but  
more  lower-quality  sawn goods  than did a 
Pop 
liameter,  
:m u/s 
Quality class of 
2 
V VI Cull u/s 
log 
3 
V VI Cull 
14 
18 
22 
26 
32 
39 
40 
44  
38 
35 
40 
45 
Centre  goods, per cent 
26 5 4 51 
26 
..
 10 46 
17 5 6 68  
6  
38 
42 
26 
4 
2 
14 
18 
22 
26 
3 
7 
5 
17 
24 
28 
Boards, per cent 
75 4 
..
 
66 3 
..
 12 
67 
..
 10 10 
88 
84 7 
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Fig.  11. Correlation between the u/s  and sixth  grade percentages  of sawn goods and the log  
quality class. Broken line natural  pine stands. R  = cull.  
Kuva 11. Sahatavaran u/s-  ja sekstaprosentin riippuvuus tukin laatuluokasta. Katkoviiva = 
luonnonmänniköt. R = hylky.  
log  of natural origin  of  the same grade. The 
shares  of  quality  classes  have been calculated 
from the volume of  the sawn goods.  The 
better  the quality  of the  logs,  the greater the  
differences are.  The differences in the volume 
of the u/s quality  within battens were 
greater than the corresponding  quality  dif  
ferences obtained for boards. The pro  
portional  shares of  fifths in various quality  
classes  remain,  on the other hand,  rather 
small. Stems from plantation-grown  stands  
thus seem to form an exceptional  saw log  
group. The saw timber quality  of  this  group 
is,  according  to quality  class  regulations,  in  
consistent with the  quality  of  the processed  
product.  The log  grading of  plantations  be  
comes  more biased the higher  the age of  a 
stand is, and on the  other hand,  the  faster  
the growth  rate  and the  lower the quality  
have been in its early years. The butt  logs 
certainly  have a special  position  in this  
respect,  if  compared  with other logs  from 
the  stem. The internal quality  of  butt  logs 
is  much more easily  observable on the basis 
of  external  distinguishing  traits. 
The internal distribution of  the u/s  quality  
class  has not, however, been taken into ac  
count  in the calculations that have so  far 
been made. The internal distribution of the 
u/s  quality  class  is in some cases  an  im  
portant  factor in the sawn  goods  trade,  
although  the subgroups  of  the  class  have 
usually  been similarly  priced.  In natural 
pines,  the  best  quality  class  logs  produce  
mostly  thirds and the second quality  class  
logs  produce  mostly  fourths  (Heiskanen  and  
Siimes 1959).  Thus  the u/s distributions  ob  
tained are  not  fully  comparable  with each 
other.  One can  presume that  the u/s  quality  
obtained from plantation-grown  logs  contains 
mostly  weaker thirds and  fourths,  and  this  is  
thus correlative  to  the sawn goods from, pri  
marily,  the  second quality  saw  logs  of natural 
stand origin.  
The quality  of  the  sawn  goods  is  mainly  
determined on the  basis  of branchiness,  which 
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is  the most  important  of  the structural  de  
fects  in sawn goods.  Heiskanen (1954  a) has 
shown in his  study  that of  the  factors  that 
determine the  quality  of the log,  the share 
of  branchiness  is 81 per cent, with the  re  
maining  share made  up of  defects such as  
sweeps  and  crooks.  In the study  by  Heiska  
nen and Siimes (1959)  it was  established 
that in all diameter and  branchiness classes  
of  the logs  it was  chiefly  branchiness that 
dropped  some of  the  sawn goods  into  sixths.  
The above-mentioned studies  refer,  however,  
only  to  natural stands.  New studies seem to  
indicate that the significance  of  stem de  
formation as a  factor affecting  the  quality  of  
pine  will increase in the future (Uusvaara  
1981  a,  1981  b,  Varmola  1980). 
Branchiness  can be expressed  in terms  of  
branch quality,  branch  size  and  number and 
their  location in sawn goods.  Quality  differ  
ences  between sawn goods  from plantation  
grown and natural stands can thus be  ex  
amined solely  on the basis  of  branchiness,  in 
which case  production  faults,  the next  note  
worthy  quality  factor,  are  not taken into ac  
count. 
The most  significant  difference when com  
paring  sawn goods  originating from plan  
tation-grown  and natural stands is the small  
number of  u/s-quality  in sawn  goods pro  
cessed from butt  logs  from plantation-grown  
stands,  whereas it  is  the main quality  in sawn 
goods from natural stands (Figure  12). 
Centre goods  of  the  best  quality  class  are  ob  
tained from plantation-grown  material  almost  
30 per cent  less  than from natural stands,  
when calculated from the volume of the sawn  
goods,  but in boards the  difference is  still  
greater. The result  reflects  not only the 
smaller  size  of  the branches in natural stands,  
but also  their  better  ability  to  heal over.  On 
the other hand,  the  share of  the  fifths  and  
especially  of  the  sixths  within centre  goods  
is greater in sawn  goods  from plantation  
grown stems than in sawn  goods  from natural 
stands.  The differences between the materials 
from both origins  decreased  when examining  
the boards. 
When the quality  of  sawn  goods  is  ex  
amined in accordance with the real quality  
classification,  which takes  other structural  
defects of the timber and  the defects caused 
by the sawing  technique  into consideration,  
the quality  distribution  was  the same as  
above. Specifically  the share of the best  
quality  in sawn goods  of  plantation  origin  is  
Fig.  12. Distribution of sawn goods into quality  classes  according to knottiness.  Unshaded 
columns = natural pine stands. R = cull, V = export quality, K = domestic quality. 
Kuva  12. Sahatavaran jakautuminen laatuluokkiin oksaisuuden mukaan. Yhtenäiset pylväät  
= luonnonmänniköt. R = hylky,  V = vientilaatu, K = kotimaan laatu. 
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smaller,  and  on the other hand,  the sixths  
and,  in battens,  also  the fifths  have a larger  
share than sawn goods processed  from na  
tural logs (Figure  13). The share  of  lower 
qualities  in  sawn  boards  and especially  quality  
schaalboards processed  from natural  pine,  in  
creases  rapidly  as  the share of  the  u/s  board 
decreases. The  greatest differences between 
the sawn goods of two different groups  of  
study  material could thus be found between 
the u/s qualities  and the poorer-quality  
schaalboards  (Figure  13). 
When using  portable  circular saw, Gran  
vik  (1967)  got the following  quality  distri  
bution for centre  goods:  u/s 32.8 per  cent, 
fifths  12.1 per cent, sixths  24.7 per cent  and 
culls  2.3 per cent, when the yield  was  72.3  
per cent.  The distribution corresponds  well  
to the sawn goods classification  reached  in 
this  study  for natural stems. 
Except  for  the  fact  that the internal distri  
bution  within the u/s  quality has not  been 
taken into account, differences in the  size  
distribution make it somewhat more difficult  
to  make comparisons  between the  two study  
materials. Because the material from the  
plantation-grown  stands included somewhat 
more small-sized  and more large-sized  logs  
than the material from natural stands (Fi  
gure 26), the sawn  goods  prepared  from 
plantation-grown  logs were possibly  some  
what more  waney edged.  The difference can  
not, however,  be very  great. 
Naturally  the wane was overwhelmingly  
the most common reason  for the decrease in 
the quality  of  the sawn  pieces.  The following  
tabulation shows that of  the quality  defects 
proper, branchiness was  in one way  or  the  
other the main cause for  the  lower quality  in 
sawn goods  from plantation-grown  pines.  
The group "wane and  others"  stands for a 
combination  of  defects,  in which  branchiness,  
in addition to  the  wane, was  most  often the 
main  cause  for  lower quality.  
The development  of  the annual ring  at  the 
butt  end of  the butt  log  earlier  had  some im  
portance as  a quality  classification  criterion  
in practical  measurements  of timber.  The 
location of  the point  of observation was  
chosen because of  the convenience with 
which it was  possible  to  determine the width 
of  the annual ring,  without cutting  the tree. 
By  using  this method,  it was  also  possible  to 
determine the  growth  rate and vigour  right  
from the  beginning  of growth.  Although  the 
thick branches of the stem would have had  
time to heal over  into the tree  out of sight,  
the thickness  of  the  annual rings around the  
pith,  when cut  at the butt  level, hint at the 
tree's growth  rate during early  years.  
It was established above that even if  
plantation  logs  and natural logs  received  the 
same grading,  plantation  logs  produced  lower 
quality  sawn  goods  than natural logs.  Un  
doubtedly,  this  is  in most cases  attributable 
to  the slower  initial growth  in natural seed  
ling  stands and a result  of slow growth  es  
pecially  in the  butt  section  of the stem. The 
difference is  not  fully  explained  by  this,  how  
ever, because even if  the growth  rate  was  
the same,  or the width  of the annual ring  
around the pith  was  the  same, a  better quality  
distribution  was obtained for natural stems  
(Figures  14 and 15). This is obviously  
partly  because  the distance 75 mm, used in 
counting  the annual ring  width,  is  too long  
(Laadukkaan  mäntysahapuun  .  .  .  1984).  Dif  
ferences were obviously  caused also by he  
reditary  factors  in addition to various en  
vironmental factors.  
The effect  of the  thickness  of the  annual 
ring  on the quality  distribution of  battens  
and  planks  is the  same in stands of  both  
origins.  The u/s  percentage of centre  goods  
is  highest  in sawn goods  of  plantation-grown  
stand origin at a  growth  ring  width of about  
two  millimetres  and in sawn goods  from na  
tural stands at that of  about one millimetre,  
after  which the quality  decreases rapidly.  
When the width of  the  annual rings around 
the pith  rises  to  3.5 mm, there are  hardly  any  
u/s  sawn  goods  to  be  obtained. Also  with ex  
ceptionally  low widths of  the annual ring  
(0.5  to 1.5 mm), the share of  the u/s  
quality  decreases. The growth  rate  around  
the pith  of plantation-grown  stems also  seems  
to  have a similar  effect  on the development  
of  the  quality  of  the boards,  whereas  in na  
tural stands  the  quality  of schaalboards rises  
when the thickness development  is fast  in 
Reason for  
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Fig.  13. Distribution of sawn goods into quality  classes  according to real quality grading. 
Unshaded columns = natural  pine stands. R = cull,  V = export  quality, K = domestic 
quality. 
Kuva 13. Sahatavaran jakautuminen laatuluokkiin todellisen luokituksen mukaan. Yhtenäiset 
pylväät  = luonnonmänniköt. R = hylky,  V  = vientilaatu, K = kotimaan laatu. 
the early  years  of  the tree's growth.  
A similar  connection is  also to be seen in 
natural  stands between the width  of the  an  
nual rings  of  the sapwood  of  the log  and the 
quality  of  the boards.  The effect  of  thickness  
of  the annual  ring  on the quality  of sawn 
goods  has been similar  in buttlogs  taken  by  
sampling  on some sawmills in Southern Fin  
land (Laadukkaan  mäntysahapuun  ...  1984). 
The quality distribution of  the  boards is  at 
its  best  when  the width of  the annual ring  
in the sapwood  is  about 3 mm.  The reason  
for  this  is  that in the sapwood  the widening  
of  the annual  ring  and the  increase in the 
growth  rate  imply  better healing  over  of  the 
branch-stumps  and an increase in the  quality.  
Generally  there is  no longer  any  noticeable 
strong correlation between the  width  of  the 
annual ring  in the sapwood  of  the stems and 
the  quality  of  sawn goods  (Figures  16 and 
17). Also when examining  the annual rings  
in  the  sapwood  the same  phenomenon  as  
above will be observed;  when the  width of 
the  annual ring  is the same, natural  pines  
give  more valuable sawn goods  than plan  
tation-grown  stems.  
Observation  of  the  basic  density  of  timber 
and the  quality  of sawn goods has its  own 
interest,  for it is  a  known fact  that there is  
a clear  correlation between the high  density  
of the timber and its mechanical strength  
(Siimes  1967).  In  natural  stands,  the wood 
density  in the stem rises  with age (Hakkila  
1966), but the correlation is weaker in 
plantation-grown  stands (Uusvaara  1974).  
According  to this  study  as  well there is  no 
great difference between the  basic  density  of  
the timber generated  during  the  early  years  
of  plantation-grown  stands and the timber  
of  the sapwood  areas (Table  6).  The width 
of  the annual ring  of natural stems  around 
the pith  is,  on  an average, the same  as  in  the 
sapwood of  the  timber, although the basic  
density  does rise  rather significantly  towards 
the sapwood.  The fluctuations of  the basic  
density  of  the timber do not, in this  context, 
have any  connection with the width of the 
annual ring.  Even the stress  grading  of  sawn 
goods  does not seem to greatly  depend  on  
the basic density  (Figures  18 and 19). In 
plantation-grown  stands a weak rise  in the 
share of the best  sawn good qualities is  
nevertheless noticed,  as the basic  density  
rises  in inner  part of  the timber.  
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Fig.  14. Correlation  between  the  sawn  goods quality distribution and the annual ring  width 
near the pith.  Pine plantations. PL/VL = side board  export  quality, PL/KL = side 
board  domestic  quality. 
Kuva  14. Sahatavaran laatujakauman riippuvuus luston leveydestä ytimen ympäristössä. Vil  
jelymänniköt. PL/VL = pintalauta vientilaatu, PL/KL = pintalauta kotimaan laatu. 
Fig.  15. Correlation between  the sawn goods quality distribution and the annual ring width 
near the  pith.  Natural  pine stands.  PL/VL = side  board  export  quality, PL/KL = side  
board domestic quality. 
Kuva 15. Sahatavaran laatujakauman riippuvuus luston leveydestä  ytimen ympäristössä.  Luon  
nonmänniköt. PL/VL = pintalauta vientilaatu, PL/KL pintalauta kotimaan laatu. 
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Fig.  16. Correlation between the sawn goods quality  distribution and annual  ring width in  
the outer  parts of the log. Pine plantations. PL/VL = side board export  quality, PL/  
KL  = side board domestic quality. 
Kuva 16. Sahatavaran laatujakauman riippuvuus luston leveydestä tukin pintaosissa.  Viljely  
männiköt. PL/VL = pintalauta vientilaatu, PL/KL = pintalauta  kotimaan laatu. 
Fig.  17. Correlation between  the sawn goods quality distribution and the  annual ring width 
in the outer parts  of the  log. Natural pine stands. PL/VL = side board export quality, 
PL/KL = side board domestic quality. 
Kuva 17. Sahatavaran laatujakauman riippuvuus luston leveydestä tukin pintaosissa.  Luon  
nonmänniköt. PL/VL = pintalauta vientilaatu, PL/KL = pintalauta kotimaan  laatu.  
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In an earlier  study  by  the same author,  
the relations  between the  various  traits that 
describe timber quality  were focused upon. 
An attempt  was  made to  describe the  quality  
of timber  by  means of  certain independent  
variables (Uusvaara  1974). In addition to 
traits  which describe  tree dimensions,  the  
growth  rate  proved  to  be a  good  independent  
variable of quality  fluctuations.  The width of  
the  annual ring  was  not,  at that  time,  a very 
useful trait, because  it was  based on the 
average annual increment. 
The values  of  the butt  log  and stem can 
generally  be described by  the quantity  of  u/s  
sawn goods  derived from the  butt  log,  be  
cause  the u/s share coming  from other parts  
of  the  stem is  very small  in comparison.  The 
best  variable for the u/s  percentage of sawn 
goods  from plantation-grown  stands proved  
to  be  the  height of the lowest  full  whorl of  
branches from the ground,  the Myrtillus  type 
dummy variable and the  diameter of the 
longest  living  branch. The forest site type 
thus had some  importance  as  a  factor  affect  
ing  quality.  
In natural stands the best  independent  
variables for  the quantity  of  u/s  sawn goods  
were the width of  the  annual ring  at  the butt  
of  the stem and the height  of  the lowest  
branch whorl.  The fluctuation of  the u/s  per  
centage of sawn  goods  obtained from butt  
logs  can  be  best  explained  by  the  following  
equations:  
The correlations of the  equations,  37.2  
and 20.8 per  cent,  remained  rather low,  
which may be  due to the  nature of  the  de  
pendent  variable  and the  effect of  the sawing  
technique  on the quality.  The drawback of  
using  the u/s-percentage  of sawn  goods  as  an  
dependent  variable is  that the price  relations 
of  the sawn timber qualities  are unknown. 
The above-mentioned variables,  in addition 
to  some of the best  correlating  variables  were  
the  following:  
Other variables with the best correlation 
were the following:  
According  to Heiskanen (1965),  the  nar  
rower  the  annual ring  around  the pith  is, the  
longer  the share of u/s  timber is  and the 
shorter  the share of  fifths  is  in stems of  all  
diameter classes.  The share  of  u/s  class  in 
very  slowly-grown  trees  is  rather short,  and  
it lengthens  as  the  annual ring  widens and  
shortens  again  in most fast-grown trees.  
Sparsely-grown  stands therefore generally  
cause  a  decrease in the quality  of  the sawing  
yield.  According  to  Heiskanen (1954  b),  the  
average  quality  of  the  sawing  yield  is  less  
than 4.0,  when the  width of  the annual ring  
narrows  to  2.4  mm; in other words,  stems 
which grow more quickly  than those men  
tioned above produce  mostly  fifth-  and  sixth  
grade  sawn  goods.  The quality  index  4.0 in 
the above-mentioned study  refers  to the sub  
group of  fourths of  the u/s  class.  Thus the  
logs  of  the first  quality  class  should not  in  
clude logs  with annual rings  wider than men  
tioned above. On the basis  of  the  studies,  
it  was  concluded that,  for the sake  of  quality  
timber,  and in order  not  to  exceed  the  annual 
ring  width  of  2.4  mm, preference  should be 
given  to increasing  the stand density  until  
the  butt diameter is  from 8 to 10 cm. 
Kärkkäinen (1980  a, 1980  b) tried to es  
timate the value of  the sawing  yield of  a  
marked stand on the basis  of  various measur  
able external factors  of the stems.  The best  
independent  variables for the u/s  percentage 
are  the  lowest  dry branch,  the crown ratio 
and  the quality  class of  the butt  log. It was  
established  that the value of  logs  can be  
estimated  by means  of  two  measurable quan  
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Fig.  18. Correlation between the sawn goods quality distribution and the basic  density  of the  log. Pine 
plantations. 
Kuva 18. Sahatavaran laatujakauman riippuvuus tukin kuiva-tuoretiheydestä. Viljelymänniköt.  
Fig.  19. Correlation between the  sawn goods quality distribution and the basic  density  of the log. Na  
tural pine stands. 
Kuva 19. Sahatavaran laatujakauman riippuvuus tukin kuiva-tuoretiheydestä. Luonnonmänniköt. 
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tities,  namely  the breast  height  diameter of 
the stem and the height  of the lowest dry  
branch from the ground.  Persson (1976)  
analysed  the importance  of  various variables 
descriptive  of  quality  from the  viewpoint  of  
the quality  index  of the centre  goods  taken 
from butt logs  from planted stands,  and 
discovered that the planting  density  and  the 
width of  the annual ring  at the  distance of  
2 to 4 cm from the pith  give  the strongest  
correlations.  Also the  branch diameter had a 
good correlation coefficient  in the  analysis.  
When studying  the effect  of the original  
planting  density  on the quality  distribution 
of sawn goods it  was  discovered that  the 
planting  density  of 0.75 m gives  about 45 
per  cent of  the  u/s  quality,  whereas the  
planting  distance of  3.0 m gave no  u/s  qual  
ity  at  all  (Persson  1976).  In planted  stands  
no  u/s quality  was  produced  either when 
using  the planting  density  of  1.5 m, whereas 
the corresponding  density  in sown areas  pro  
duced about 35 per cent of  the u/s sawn 
goods.  
412. Stress-grading  
The task  of stress-grading  is  to divide the 
sawn  timber into different stress  grades  using  
visual or mechanical classification.  Stress  
grading  mostly  concerns  construction lumber,  
for which certain minimum strength require  
ments  have to  be  set, especially  if  it is  to be  
used in  bearing  structures.  
Visual stress-grading  was  done,  in this  
study,  in accordance with the  T and LT 
classifications  in the first  phase  by  using the 
branchiness classification,  i.e., only on the 
basis of  the  number,  size  and location of  the 
branches.  Branches usually  have the strongest  
effect  of all the defects on the mechanical 
strength  characteristics  of  sawn goods.  Fi  
gure 20 shows the distribution  of  sawn  goods 
into stress  grades on the basis of  visual 
estimation which took only  branches into 
consideration. The majority of plantation  
grown sawn goods  fall  into stress  grade  T  24.  
Most  of  the natural material, however,  falls  
into the  best  quality  class  T4O. The stress  
grading  classification  of material  from plan  
tation-grown  stands  is, excluding  class  T  24,  
rather even, whereas  with natural material 
the percentage of various classes  decreases 
progressively  towards the lowest quality  
class.  
In real T classification,  when all factors  
Fig.  20.  Distribution of sawn goods into strength  
classes according to knottiness. Visual  stress  
grading. (1=T40, 2=T30, 3=T24, 4=T18,  
5  = cull).  Unshaded columns = natural pine 
stands. 
Kuva 20. Sahatavaran jakautuminen lujuusluokkiin 
oksaisuuden perusteella. Silmävarainen arvioin  
ti. (1=T40, 2=T30, 3=T24, 4=T18, 5=hyl  
ky.).  Yhtenäiset pylväät = luonnonmänniköt. 
affecting  the matter  are  considered,  the plan  
tation-grown  material still  falls  clearly  into 
stress-grade  T  24, whereas the share of  the  
best  class  simultaneously  decreases (Figure  
21). Also the stress-grading  of  sawn  goods  
originating  from natural  stems changes  in the 
same direction, although  the  share of pieces  
within the best  classes  is  still  higher  than in 
plantation-grown  stem material.  
In the  LT  grading  based solely  on the  ob  
servation of branchiness,  the material falls, 
more strongly  than in T  grading,  into the 
best  stress grades  LT4O and LT3O. This is  
because T grading  puts more emphasis  on 
the size  of  the face and  edge  knots  (Figure 
22).  The number of  pieces  falling  into rejects  
is  much  greater in real classification  in the 
original  as  well  as  the comparison  material.  
This is  obviously  caused,  to  a great  degree,  
by  the presence of  wanes, which in T gra  
ding  is  permitted  on the  edge  of  the piece  
to  a  maximum of  1/4  of  its  thickness,  but in 
LT grading only  to a maximum of  1/10 of 
the  thickness  of  the piece  (RIL  120,  1978).  
Because the mechanized T  grading  is  based 
on stress  values obtained by  bending  the 
piece,  the method gives  faulty  results,  if  the  
measurement accuracy  of the sawn  pieces  
varies. In portable  circular  sawing  especially,  
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Fig.  21. Distribution of sawn  goods into strength classes  according to real, visual and 
machine  stress grading (1=T40, 2=T30, 3=T24, 4=T18, 5=cull).  Unshaded columns 
-  natural pine stands. 
Kuva 21. Sahatavaran jakautuminen lujuusluokkiin todellisen,  silmävaraisen ja koneellisen 
luokituksen perusteella (1=T40, 2=T30, 3=T24, 4=T18, 5  =  hylky).  Yhtenäiset pylväät  
= luonnonmänniköt. 
Fig.  22. Distribution of  sawn goods into glue-laminated classes  according to visual  knottiness  
grading and  real grading (1=LT40, 2=LT30, 3=LT24, 4=LT18, 5=cull). Unshaded 
columns = natural pine stands. 
Kuva 22. Sahatavaran jakautuminen lamelliluokkiin  silmävaraisen  oksaisuusluokituksen  ja 
todellisen luokituksen perusteella  (1=LT40, 2=LT30,  3= LT24, 4=LT18, 5=hylky). 
Yhtenäiset pylväät  = luonnonmänniköt. 
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fluctuations in the thickness of the sawn 
pieces occur  because of weaknesses in the 
centering  of  the log. Granvik (1967)  men  
tions  that the sawn goods  obtained in por  
table circular  sawing are  usually  thinner at 
the ends  than in the middle,  and  the in  
accuracy  of  the dimensions is  greater in the 
top end  than in the bottom end. Apart  from 
this,  the piece is  often somewhat wedgelike.  
If  the oversize  exceeded 1 mm, the  faulty  
bending  stresses  and the  stress-grades  given  
by  them were corrected  in this  study  by  the 
following  formula: 
ky  = correction factor in  kp 
ty = bending stress  in kp  
d
m  =  measured thickness  
d
n = nominal thickness 
By  planing  some of  the  sawn goods  to  a 
fixed thickness  and by  retaking  the stress  
measurements  after  this,  it  was  possible  to  
notice that the correction factor resulted,  
however,  in too low a stress-grade  in many 
cases.  On the other hand,  in some  cases  the 
planing  decreased the  stress-grade  of  pieces  
which had not been subject  to the  class  cor  
rection. 
Figure  21 presents  the  distribution of  ma  
terial of different origins  into stress-grades  
in mechanized grading,  when the values have 
been rectified by using coefficients,  and 
checked on the  basis  of  the planing  tests.  
The distributions of different classes  are  
very  much alike  in each of  the  groups of  ma  
terial, i.e. the slantings  of  the histogrammes  
resemble  each other. The distributions also  
differ clearly  from the results  of  the visual  
classification,  which has resulted in a much  
stricter  classification  of  the sawn  goods  than 
mechanized classification.  The accuracy  of  
visual  estimation is, to some  degree,  better  
in sawn goods  taken from natural stands,  
but  the method exaggerates the importance 
of branchiness as  a factor that decreases the 
strength,  the better  the quality  of the sawn 
goods under inspection  is.  
The lowest stress-grades  for sawn pieces  
usually  are  situated at the  upper end  of  the 
piece (Figures  23 and 24).  This is  partly  due 
to the basic  density  of  the timber,  which is  
lower  in the top of  the log  than in the butt, 
and partly  to  the greater  branchiness  of  the 
Fig.  23. Variation of  the bending strength of  scant  
lings (50 X  100  mm)  in  different parts  of the  
piece. Stress area 1, bending 1,3 mm.  
Kuva  23. Sydäntavarakappaleiden (50 X 100 mm)  
taivutusvoiman  vaihtelu kappaleen eri osissa.  
Painealue 1, taivutus  1,3 mm.  
Fig.  24. Variation  of the bending strength of scant  
lings (50 X 100 mm) in  different parts  of the  
piece. Stress area 1, bending 1,5  mm.  
Kuva 24.  Sydäntavarakappaleiden (50 X  100 mm)  
taivutusvoiman  vaihtelu kappaleen eri osissa.  
Painealue 1, taivutus  1,5 mm.  
top end of  the  piece.  The method used in this  
study,  in which  the  sawn piece  that was  too  
long  was  shortened at the top end,  may have 
somewhat reduced the quality  differences of 
sawn goods  of  different research materials.  
The basic  density  of  the timber at  the top 
end  of  centre  pieces  sawn  of  plantation-grown  
Jr -  
/  dm  Y 
\dn + 1/ 
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and  natural material  was  383 and  406 kg  
per cu.m and at the  butt  end 432 and 471 
kg per  cu.m respectively.  
The third factor which affects  strength  
considerably  is  the  width of  the  annual ring, 
which will  be  taken into account  in con  
nection with stress-grading.  The maximum 
allowable width of the annual  ring  in the 
best classes  T4O and LT4O is 30 mm (RIL 
120, 1978). 
The differences in the strength  of  material  
from plantation-grown  and natural  stands  are  
not  great, if  sawn  goods  from logs  of  the  
same quality  class  are  compared  (Table  12). 
In examination of the internal division 
within both origins,  one  notices that the 
quality  differences of  the  sawn goods  from 
logs  of  the first  and second  quality  classes  
are  comparatively  small.  Strength,  on the  
other hand,  is decisively  reduced in sawn 
goods  made  of  third quality  class  logs.  The 
stress-grading  of  sawn goods  resembles in 
this  respect the quality  distribution in which 
the greatest differences in the u/s  percentage 
were  also between the second  and  third qual  
ity classes  (Figure 11, page  30).  
The reduction of  quality  is  mostly  ex  
plained  on the  basis of  the increased  bran  
chiness  of  poor quality  logs,  the  width of  the 
annual ring,  and  the  decrease of  the basic  
density  of  the timber.  The effect  of  the  basic  
density  of the timber on the stress-grade  
distribution of  the  centre  pieces  can be seen 
in Table 13. The share of the best  quality 
classes  decreases quickly,  as  the basic  density  
of  the timber decreases (Table  13). 
For  sawn  goods  originating  from plantation  
grown stands Persson (1976)  obtained the 
following  percentages which represent the 
best  stress-grade  as  the planting  density  of  
the stands  increases. 
The lower stand density  is  when a stand 
is established,  the less  mechanical strength  
sawn goods  have. In addition,  according  to 
modern standards,  even  rather  dense planted  
stands yield sawn goods  that scarcely  meet 
the high  strength  requirements.  
Persson has also  shown,  that mechanized 
T grading  often gives  clearly  higher  quality  
indexes than visual  classification.  According  
to him,  the  difference is  mostly  due  to the  
large  edge  knots  found in thin pieces.  In this  
case,  edge  knots  are the reasons  for sawn  
goods  to be visually  classified  as rejects,  
although  in mechanized classification  they  
qualify  for a better grade  class.  The higher  
values obtained in mechanized stress  grading  
than in visual classification  may be partly  
because the  pieces  have been  shortened,  at  the  
top end,  in which case  of  the  worse  branch 
defects  have vanished (page  11). 
Table 12. Correlation between the T-strength class 
distribution and  the real quality  class  of the 
log.  R = cull. 
Taulukko 12. T-lujuusluokkajakauman riippuvuus 
tukin todellisesta laatuluokasta. R = hylky.  
Table 13. Correlation between the T-strength  class  
distribution and  the basic  density of the sawn 
goods piece.  R  = cull. 
Taulukko 13. T-lujuusluokan  riippuvuus sahatavara  
kappaleen kuiva-tuoretiheydestä.  R =  hylky.  
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42. Value of  sawn goods  
The  value of sawn  goods  will  be  examined  
on the basis  of  the wholesale prices  of  ex  
port  sawn goods  so that the  price  of  the u/s  
quality  board will  be  considered as  100 (Sa  
hatavaran 
...
 1980). The prices  and value 
relations  of  sawn goods  of different quality  
classes  have been  given  in Appendix  1. The 
prices  of other quality  classes have been cal  
culated  in relation to  the u/s  price  and  an 
extra  price  has  been calculated for wide di  
mensions (Appendix  1). This extra  price  is  
based on the price  differences for pieces  of 
various widths obtained from the price  list.  
Table 14 shows the  unit  prices  for sawn  
goods from plantation-grown  and natural 
stands,  grouped  according  to  the quality  class  
of the  log.  The table shows that  the differ  
ences  between the materials of two different 
origins  are especially  great,  particularly  if  
boards sawn out of  poor quality  logs  are  ex  
amined. The differences in the values of  
centre  goods  pieces  between two different 
research materials remain smaller.  The dif  
ference between the first  and the second 
quality  class  in material from plantation  
grown stands is not  great, but the  value 
drops  quickly,  when moving from the  second 
to the  third quality class.  In natural stands,  
the  differences in value are  greatest between 
sawn timber lots  derived from logs  of the  
best  quality  classes.  The  differences in the  
prices  of centre  goods  pieces,  boards and  
sawn goods as  a  whole between the two  ma  
terials  were, on  an average, 7.0,  22.2 and 9.1 
per  cent respectively,  in favour of  sawn goods  
originating  in natural stands.  The great dif  
ferences in the value of the boards are due 
to the price  differences of the  various qual  
ities of boards. These  price  differences are  
also  considerably  greater in boards than in 
battens and  planks.  
The  sawn  goods  yield  gained  from plan  
tation-grown  and natural stands was  51.9 
and 52.9 per cent respectively.  The figures  in 
question were comparatively  high,  if  com  
pared  with percentages of yield  found in 
other studies (e.g.,  Heiskanen 1976).  Kärk  
käinen  (1980  a) obtained an average per  
centage of yield  of 48.7 in test sawings.  The 
smaller  yield  in plantation-grown  stands in 
this  context  may reflect  that the quality  of  
their  timber  stock  is weaker than in the 
growing  stock  in natural stands,  especially  as  
far  as  stem defects  are  concerned. Sweeps  for 
example,  have been  shown to  lower the yield  
clearly (Siimes  1957,  Asikainen and Panhe  
lainen 1970).  The sawn  goods  yield increases 
also in both plantation-grown  materials and 
in other comparison  materials,  as  the dia  
meter of  the log  increases. The yield  is,  how  
ever,  two  per cent  units  lower in third class  
logs than in first  class  logs.  
The yield  of  sawn goods  decreased  in this  
study,  as  the quality  of the log  weakened. 
The correlation between yield and the qual  
ity  of  the log  is  usually  the contrary,  that  is  
the yield rises  as  the branchiness quality  class  
of  the log weakens (Kärkkäinen  1980  a).  
This development  is  obviously  a  result  of the  
change  in stem form which is  caused by  butt  
swelling,  and  the difference in yield  is  most  
defined in the stem between butt  logs and  
other logs.  
The factors  affecting  the unit  price  of  sawn 
goods  were tested using  the selective  re  
gression  analysis.  The most significant  in  
dependent variable of  the  fluctuation of  the 
unit  price  in plantation-grown  stands is  the 
Table 14. Volume price  of sawn goods obtained from logs of  different 
qualities.  R  = cull. 
Taulukko 14. Eri laatuisista tukeista saadun sahatavaran yksikköhinta.  
R =  hylky.  
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volume of the log, which alone  accounts  for 
85 per cent  of  the  total fluctuation of the 
price  (c.f.  Qy 1974).  Other  independent  va  
riables  of  the best  equation  were the  quality  
class  of  the log,  age of  the  stem and  its sweep. 
The best  unit  price  formula of  sawn goods 
originating  from plantation-grown  stands  had 
a  correlation  coefficient  of  92 per  cent.  
The best  independent  variables of  the unit 
price  of  logs  from natural stands were, in 
addition to  the  volume of  the log,  the  growth  
of the breast  height  diameter,  the top dia  
meter of the log,  the  height  of  the first  
branch whorl and the width of  the  annual 
ring  at the butt  level.  The forest site type  
also  had an effect  on the value of the sawn  
goods,  although it was  not  statistically  sig  
nificant.  The best  unit price  equation  had a 
correlation  coefficient of  86 per  cent.  
y  = 11.486 + 0.283Xl  4-2.145XlS+O.l29X  2 0+0.35 
+ 98.437( x7/ x2)
2
 —0.015(x25 )
2 + 7.593
X3B
 
Other noteworthy  factors  that affect  the  
price,  and  their correlation coefficients  are  
listed below. 
The value of  sawn goods  derived from the 
butt  log  are  mostly  dependent  on the  size  of  
the  log,  but  also  on  the factors  representative  
of  the growth speed  and self-pruning.  The 
importance  of  the  height of the  first full  
branch whorl as  an independent  variable of  
quality  is  natural,  especially  in young plan  
tations,  where self-pruning  of  the stems has 
been  weak. Kärkkäinen (1980  a) found out 
that the  price  of  sawn goods  is  dependent  on 
the size  of the  tree, and on the height of  the 
lowest dry  branch from the  ground.  The 
results  applied to  natural stands  at  the end 
of  their rotation. 
The following equations  are obtained 
when the unit price  of  sawn goods  is  ex  
amined  without the effect  of the volume of  
the log.  
Other  variables resulting  in the  best  cor  
relation coefficient were the  following.  
In a study  by Kärkkäinen (1980  a) the  
best  independent  variables of  the unit price  
of  sawn  goods  in  natural stands  were  the unit  
price  of  centre  goods  and the top diameter 
of the log  under bark. These gave a cor  
relation coefficient of 91.4 per cent. The 
average  unit price  for sawn goods  in Kärk  
y = 8.552 3.448 xl 7 0.115x3l + 0.254 X3O 
+ 0.006( x2 )
2
 
Plantation-grown stands 
y =  128.495 1.100 xl + 0.603x 3 3.452x? 
3.334xl  7  +  0.304x  26 0.144*,-  
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X 6/X  2
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2
 •x 6  72.203x2/(j^)
2
 •*6 
Natural stands 
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xl2/](7 + 0.007(X14 )
2
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2
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kainen's studies (1980  a and  1980  b) was  
56.3 and  60.9.  The prices  used in his  studies  
differed from those used in this study,  and  
the studies  also  dealt with the log  part  of  the  
whole stem. It can therefore be said that the 
results  of  the studies  in question  are  not  di  
reedy  comparable  with the results of this  
study.  Nevertheless,  the unit prices  for 
natural  stands in the studies  mentioned above 
were  rather  high,  despite  the  branchy  middle 
and top logs,  
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5. DISCUSSION 
Some features concerning  the  way  data  was  
collected have already  been mentioned in 
connection with the  explanation  of  the rese  
arch method. The material was collected 
from the southern and central  parts  of  the 
country,  consequently  the terrain and cli  
matic .  factors were comparatively  uniform.  
Coastal areas  were avoided because of their 
exceptional  wind conditions,  which  affect  the 
quality  of  the stem wood. The choice of  
sample  stands  and the way of taking  samples  
were  affected by  the availability  and  location 
of suitable  plots.  A systematic  sampling 
method could not be applied  in choosing  the 
material,  because old regeneration  areas,  for 
which reliable information on their establish  
ment  is  available,  are  rather  limited  on State  
owned lands. For  this  reason,  the plots  were 
chosen from among available stands,  but  in 
some areas lots  were  drawn to choose  the 
plots.  
The origins  of  the  seeds  or  the  regeneration  
material  of plantation-grown  stands were 
usually  local,  but  little  attention was  paid to 
the genetic  quality  of  the  seed collection  trees  
when the  research stands were established. 
In most cases  the  origin  of  the seed was  un  
known. 
The goal  was  to  find an equal number of  
plantation-grown  and  comparison  stands on 
each research  location,  and an  equal  total 
number of  stands on different areas. This was  
not, however,  fully  successful,  for the  num  
ber of plantations  fluctuated from location 
to location.  For  the above reasons, the ma  
terial  cannot  be considered totally  representa  
tive, since it was  partly  necessary  to apply  
subjective  method in the choice. 
In the  method used for locating  sample  
plots  within the stand (c.f. page 10) all parts  
of  the stand were  possible  sample  plots,  with 
the exception  of  central  parts  of  large  stands.  
These sections  were few,  since most  old  plan  
tations were small  in size. Natural  stands 
were more uneven in this respect.  
The trees  of  the sample  plot  were  num  
bered both systematically  and randomly  
starting  at the edge  of  the sample  plot.  Sur  
plus  trees  at  the end were  not counted in the 
measurable material. When trees  to be cut  
were chosen by  the  drawing  of  lots these 
trees  were  randomly  included in the group of  
sample  trees. Younger  stands were an ex  
ception,  because  all  stems  had not  yet  reached 
the size  requirements  for saw logs.  In cases  
like this,  it was  sometimes necessary to  
choose the sample  trees  from among a  rather 
small  number  of  trees. 
The number of  sample  plots  and  stems  can 
be considered rather large and well distri  
buted,  although  the material  came, to a cer  
tain degree,  from the Province of Häme,  
owing  to the location of the  State-owned 
lands. The number of  stems felled and logs 
prepared  from them is  much smaller,  i.e. 165 
logs  from plantation-grown  and 150 from 
natural stands. Because the material  is not 
extensive,  it is  important  that it is  as  de  
scriptive  of  the characteristics  of  the  whole 
basic  group as possible.  When examining  the  
characteristics  of  stems  large  enough  to  yield  
logs  and the  butt  logs  derived from them one 
can notice that the breast height  diameters 
of  the  standing  trees  in  plantation-grown  and  
natural stands were 20.1 and 20.9 cm  on an  
average, and in stock  prepared  into butt  logs  
20.3  and 20.2 cm respectively.  In both data 
groups the  top diameters of butt  logs  were 
19.1 and 19.5 respectively  in standing  trees  
and 19.1 and 18.9 cm in sawn logs.  Logs  
derived from sample  trees  that  were to be  
cut represented  the whole tree  population  
under study  well, as  far as  size  is  concerned. 
The quality  distributions  of  logs  in standing  
trees  and in felled sample trees  were similar,  
although  a  few more  poor-quality  stems  were 
converted into logs  than  was  the  average for 
the  material (page  25). The quality  of  the  
stand is  also  described by  the  thickest  bran  
ches  of  the butt  log,  which were 23 and 18 
mm in standing  trees in plantation-grown  
and natural stands  and 25  and 18 mm in logs  
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respectively.  As far as both size  and quality  
are  concerned the logs  and the sawn  goods  
prepared from them corresponded  very well  
to  the whole material.  Therefore,  the material  
sawn,  a total of  300 logs, can  be considered 
sufficient  in number. It may be mentioned 
that in the  study  by  Persson (1976)  the  ma  
terial  concerning  the  quality  of  sawn  goods  
originating  from planted  stands included a 
total of  269 logs.  
When choosing  the  material,  the goal  was  
to have the correct  proportions  of  various 
forest site types, to that extent  that they  are  
typical  of sites  for pine.  Pine plantations  
were earlier  established more  often on good  
soils,  but  it is  possible  that the  share of  good  
sites in the material  is  larger  than in reality  
(page  12). Natural stands  were established,  
owing  to the physiological  requirements  of  
the stock,  mostly on  Vaccinium site types. 
Because a fourth of  the  plantation-grown  
stands  were clearly  situated on more fertile 
soils than is  typical  of  pine,  it  was  considered  
appropriate  to  study  the effect  of  the forest  
site type  on the  quality  of butt  logs  and on 
the quality  distribution and value of sawn 
goods  separately.  This was  done by  ignoring  
all logs  originating  in the  Oxalis-myrtillus  site 
type during  calculations.  Because the natural 
stands  were often  older  than the  plantation  
grown stands (page 47),  logs  derived from 
stems  older than 90 years of  age were ex  
cluded from the above group, in order to  
even  out  the  age. The result  is  the  following  
quality  distribution for sawn  butt logs,  
which also gives  the change caused by the  
omission of  the best  forest site  type as  com  
pared  with the whole of the material. 
Contrary  to  expectations,  the quality  distri  
bution of logs  in plantation-grown  stands 
weakened somewhat,  while  in natural stands  
the distribution improved  after  the  omission 
of  the  logs  from the most  fertile  site.  If  com  
pared  to earlier  calculations,  the changes  
were nevertheless small.  The fertility  of the  
site did not  decrease the quality  of the  stand 
to any  great extent. One reason  for this  is  
that those logs  which were removed in the 
correction  came mostly  from old plantations  
which had been too  densely  established  and 
had been treated with slight  thinnings  at an 
early  age.  
The following  tabulation contains the cor  
rected quality  distribution of  sawn goods  in  
plantation-grown  and natural stands.  
On an average the changes  brought  about  
by  the correction  in the quality  of  the  sawn 
goods  remained small. The same observation 
can be  made for the following  tabulation 
which contains  the unit  prices  of  sawn  goods  
by  log  classes.  
After  the  correction, the differences in the  
values of centre  goods,  boards and sawn  
goods  as  a whole,  originating  from plan  
tation-grown and  natural stands,  are  6.7,  20.3 
and  10.0 per  cent on an average. If  com  
pared  with the whole of  the material,  the  
difference in the  value of centre  goods has  
thus slightly  increased and the difference of  
boards has decreased. 
Kärkkäinen and Uusvaara (1982) also 
found out  that in young plantations  the in  
fluence  of  the forest  site type on the quality  
of the  growing  stock  is  minimal  (also  Var  
mola 1980,  Uusvaara 1981 a  and  1981  b).  In 
stands of  the same density  the more fertile  
nature  of  the site decreases quality,  but  the  
fluctuation of the density  of  the growing  
stock  between different stands affects the  
quality  more than the  site type. In this study,  
Quality Plantation-grown  Natural 
class of : Corrected Whole Corrected  
log  material material Change  material material Change  
In per cent In per cent 
1 11.6 8.7 —2.9 17.4 32.4  +5.0 
2 36.6  36.5 ±0 53.3 50.9  —2.4 
3  43.9 48.7 +4.8 18.5 15.7 —2.8 
Cull 7.9 6.1 —0.2 0.9 0.7 —0.2 
[ity itation-grown  latural 
Whole Corrected Whole Corrected  
material material Change  material material Change  
t/s 24.2  
I 42.7  
II 30.3 
lull 2.8 
i/s 3.9  
J 16.7 
»L/VL 50.6  
'L/KL 27.0  
:ull 1.8 
Centre goods  in per cent 
23.1 —1.1 50.0 48.7 
45.7 +3.0 32.7 33.9 
28.1 —2.2 14.1 14.8 
3.1 +0.3 3.2 2.7 
Boards in per cent 
3.2 —0.7 15.6 16.5 
16.5 —0.2 30.3 31.5 
61.5 +10.9 42.8 41.3  
17.5 —9.5 9.4 8.9 
1.3 —0.5 1.9 1.8 
—1.3 
+ 1.2 
+ 0.7  
—0.5 
+0.9 
+ 1.2 
—1.5 
—0.5 
—0.1 
lity  itation-grown  fatural 
class oi 
log  
Whole Corrected Whole Corrected  
material material Change material material Chai 
In per cent In per cent 
1 
2 
3  
Cull  
57.6  
55.0 
49.9  
48.1 
53.5 
54.7 
51.2 
46.7 
—4.1  
—0.3 
+ 1.3 
—1.4  
62.0 
56.6 
56.4 
50.8 
61.9  
56.5  
57.8  
50.5  
—0.1 
—0.1 
+ 1.3 
—0.3 
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Fig.  25. Age  distribution of  the material. 
Kuva  25. Aineiston ikäjakauma. 
the Myrtillus  site  type, which accounted for 
28  per  cent  of the  plantation-grown  material,  
seems to have affected the results  more than 
more fertile sites. 
The goal was  to  locate plots  within  natural 
stands  in each locality  where  the  age and  
size  of  the trees  would correspond  as  well  as  
possible  to those of the plantation-grown  
stands chosen  for research. This was  difficult  
in many cases,  especially  because the  lack  of  
middle-aged  natural stands  was  obvious.  The 
size  and age of  the stems within the  stand 
could also fluctuate quite a lot  in natural 
stands.  In some cases  this was  possibly  attri  
butable to old  methods of  stand treatment, 
e.g.,  selection cuttings. All  stands  had,  how  
ever,  always  been within the sphere  of  silvi  
culture,  although the efficiency  and regu  
larity  of  the  procedures  usually  seemed  to  be 
better  in plantation-grown  stands.  Better in  
formation was available on the cuttings,  
clearings  and thinnings  carried out in plan  
tation-grown  stands  than  on those carried  out  
in natural stands. 
The average age of the plantation-grown  
stands was  lower than that of  natural stands,  
and  the distribution of  the age classes  of both 
materials differed from each other to some 
extent (Figure 25).  The difference in the  
average age between plantation-grown  and  
natural stands  was  also statistically  very sig  
nificant (t= 12.0***). There was a strong 
concentration  on  the age of  45 in plantation  
grown stands,  whereas the  age classification  
of  natural stands  had two clear  peaks. The 
measures  of  age dispersion  were as  follows.  
The difference in the  breast height  dia  
meters  between plantation-grown  and  natural 
stems was statistically  significant  (t = 
2.92**).  The measures  of  the  dispersion  of  
the  breast  height  diameters were as  follows 
(c.f.  Figure  26).  
itation-grown  
stands 
Natura] 
stands 
4e 
vlo 
i 
fluctuation limits 
<1  
ikewnes 
'eakedness 
51 
49  
45  
12.3 
31—87 
630 
1.09 
1.25 
67 
60 
56 
17.3 
34—99 
314  
0.36 
—1.15 
itation-grown  
stands  
Natura] 
stands 
[ 
vie 
vlo 
> 
•luctuation limits 
ikewnes 
20.1 
19.5 
18.0 
5.2 
8—37 
630 
0.55  
20.9 
20.0 
20.0 
5.3 
8—44 
1879 
0.72  
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Fig.  26. DBH distribution of the material. 
Kuva  26. Aineiston rinnankorkeusläpimitta. 
The  average volume of the  butt  log  for 
plantation-grown  stands was  148.5 cu.dm 
and for  natural stands  155.6 cu.dm;  the dif  
ference between the two was statistically  
important  (t=l.2o*). The figures  for the  
distribution of  the  volumes were the follow  
ing  (c.f.  Figure  27).  
Natural stems were thus older than plan  
tation-grown  stems,  but natural butt logs  
were not, to any significant  degree,  larger  
than logs  from plantation-grown  stands.  The 
result  reflects  earlier  received proof  that 
natural stems  are somewhat older but also  
slower  growing than plantation-grown  pines,  
when comparing  stems from the same dia  
meter class. This point  has had a  decisive  ef  
fect  on  the  better  quality  of  timber of  natural 
stems  and the more  favourable quality  distri  
bution of  the  sawn goods  derived from them. 
The above results  show that timber derived  
from plantation-grown  stands is, taking all  
criteria under observation into  account, of 
poorer quality  than the timber from natural 
stands,  when  considering  the timber from the 
viewpoint  of  its utilization value. The dif  
ferences can be explained,  only  for a small  
part,  on the  basis  of  the weaknesses  of  the  
research  material.  
When evaluating  the results and  their  im  
portance,  with consideration to  the quality  of  
the plantation-grown  stands established  re  
cently,  attention must  be  paid  to the  fact  that 
old plantation-grown  stands,  which were the 
origin of the material  in this study,  were 
mostly  established by  sowing,  whereas at 
present  the main regeneration  method is  
planting.  The results  cannot therefore be 
applied  as  such  to  the evaluation of  the qual  
ity of  the present  planted stands. Never  
theless,  there are plenty of similarities  be  
tween old and  young plantation  stands,  be  
Plantation-grown  
stands 
Natural 
stands 
At 
Ao 
'luctuation limits 
4  
ikewnes 
'eakedness 
148.5 
134.8 
61.2  
60.9—401.5 
162 
1.36  
1.99 
155.6 
149.1 
53.8 
85.1—442.6 
135 
1.94 
6.22  
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Fig.  27. Volume  distribution of  the butt logs of the material. 
Kuva  27. Aineistoon kuuluneiden tyvitukkien tilavuusjakauma. 
cause  neither of  them is  of local  progeny. In 
both regeneration  methods the number of  re  
generation  sites and  the early  development  of  
the seedling  stands are approximately  the 
same.  Among  other things,  on the basis  of  
the  small  planting  densities used today  in 
plantations,  it  is  possible  to  estimate that the 
quality  of our  plantation  stands will  decrease 
drastically  in comparison  with the  quality  of  
older  stands.  
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SELOSTE  
Tutkimuksen aineisto käsitti  31 etupäässä kylväen 
perustettua  ja 30 luontaisesti syntynyttä  mäntykoe  
metsikköä Etelä-  ja Keski-Suomen  alueelta. Runkoja 
mitattiin  viljelymänniköistä  630  ja luonnonmänni  
köistä 1810  kappaletta, joista arvottiin kaadettaviksi  
vastaavasti  165 ja 150  runkoa. Kaadetuista rungoista 
mitattiin  rungon  laatutunnuksia kuten eri oksai  
suusvyöhykkeet,  oksien  paksuus,  vikaisuudet ja run  
gon kapeneminen. Kannon korkeudelta otetuista 
näytteistä määritettiin puun  sisäisiä  laatutunnuksia. 
Tyviosa  valmistettiin tukeiksi,  koesahattiin ja sahaus  
tulos laatuluokitettiin. 
Tutkimuksen tavoitteena oli selvittää koesahaus  
ten avulla  viljelymäntyrunkojen tyvitukeista  saatavan 
sahatavaran laatu ja arvo sekä  niihin vaikuttavat te  
kijät.  Laatua verrattiin vastaavan tyyppisistä  luon  
nonmänniköistä saatuihin tuloksiin. 
Tutkimuksen tärkeimmät tulokset olivat seuraa  
vat: 
1.  Oksattoman rungonosan  muodostuminen alkoi  
viljelymänniköissä myöhemmin kuin luonnomänni  
köissä  ja karsiutuminen oli metsikön iän  lisääntyes  
säkin  hitaampaa. Myös  suhtessa  rungon  pituuteen  oli 
virheettömän ja oksakyhmyjä  käsittävän rungonosan  
pituus viljelymänniköissä alhaisempi kuin luonnon  
männiköissä, mutta kuivaoksainen rungonosa  pi  
dempi ja latvus lyhyempi. 
2. Luonnonmäntyrunkojen oksat olivat  ohuempia 
kuin  viljelymäntyrunkojen oksat  etenkin rungon  ala  
osassa,  mutta  rungon  yläosassa  erot osittain  hävisi  
vät.  Tyvitukkien  suurimpien oksien paksuus sekä  
mitattujen oksien keskipaksuus  kasvoivat  tukin  laa  
dun heiketessä  kumpaakin alkuperää olevassa ai  
neistossa.  Viljelymäntytukeissa  oksat  olivat  myös  kes  
kimäärin paksumpia  kuin luonnonmänniköistä val  
mistetuissa tukeissa. 
3. Viljelymänniköistä saadut  tyvitukit  olivat heik  
kolaatuisempia  kuin  luonnonrunkotukit sekä pelkän 
oksaisuuden että todellisen  luokituksen mukaan ar  
vostellen. Tukin laatu heikkeni eli laatuindeksi nousi  
jyrkästi  luston  leveyden kasvaessa  ytimen ympäris  
tössä. Luston paksuuden ylittäessä  noin 3,5 mm:n 
rajan  tukin laatu oli keskimäärin  heikompi kuin kol  
mannen luokan laatuvaatimukset edellyttävät.  
4. Saman laatuluokan  viljelymäntytukista  saatiin  
vähemmän u/s-luokan mutta  enemmän  heikompien 
laatuluokkien sahatavaraa kuin saman arvoiseksi  luo  
kitellusta luonnonmäntytukista. Sahatavaran u/s  
-prosentti  laski  ja heikompien laatujen osuus nousi  
luston levetessä  ytimen ympäristössä.  Kriittinen raja  
viljelymäntyrunkojen sydäntavarakappaleissa oli  lus  
ton leveys  3,5  mm, jonka jälkeen ei  enää saatu u/s  
-sahatavaraa. 
5. Silmävaraisen lujuusluokituksen mukaan  T4O-, 
T3O-, T 24-, TlB-lujuusluokkien osuudet  sekä  hylky  
osuus olivat viljelymänniköistä  peräisin  olevissa  soi  
roissa  ja lankuissa 14, 21,  38,  20  ja 7 % sekä  luon  
taisessa  sahatavarassa vastaavasti  22, 35,  35,  5 sekä  
3 %. 
6.  Viljelymäntyrunkojen tyvitukeista  sahatut soirot  
ja lankut,  laudat sekä sahatavara yhteensä olivat yk  
sikköhinnaltaan keskimäärin 7,0 22,2 ja 9,1 % al  
haisempia kuin  vastaavat  luonnonmäntytukeista saa  
dut sahatavaralajit. Yksikköhinnan vaihteluita par  
haiten selittäviä suureita ja laatutunnuksia olivat 
tukin tilavuus, u/s-prosentti  sekä rungon  kasvuno  
peus.  Kun tilavuus jätettiin  pois  selittävien tekijöi  
den  joukosta, kasvunopeuden, erityisesti  ytimen lä  
heisten lustojen leveyden, selitysarvo nousi.  
7.  Eri  alkuperää olevien aineistojen vertailukelpoi  
suutta vähensi osittain  viljelymetsiköiden sijoittumi  
nen keskimääräistä paremmille kasvupaikoille,  sekä  
niiden luontaisia metsiköitä jonkin verran  alhaisem  
pi  ikä.  Runkojen ja tukkien kokojakaumat  vastasivat 
sen sijaan hyvin toisiaan aineistoissa.  
UUSVAARA, O. 1985. The quality and value of  sawn goods  
from plantation-grown Scots  pine. Seloste: Viljelymänniköistä  
saadun sahatavaran laatu ja arvo. Commun. Inst. For.  Fenn. 
130: 1—53. 
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